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T he a u t h o r  w i s h e s  t o  e x p r e s s  h i s  g r a t i t u d e  f o r  t h e  
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M oore and D. A. V in ic o m b e  f o r  t h e i r  i n t e r e s t  and  a d v i c e .
T he w o r k  w a s  c a r r i e d  o u t  w i t h  t h e  a i d  o f  a Q u o ta  aw ard from  
t h e  S c i e n c e  and E n g i n e e r i n g  R e s e a r c h  C o u n c i l  t o  whom t h e  a u t h o r  
a l s o  w i s h e s  t o  e x p r e s s  g r a t i t u d e .
H i s  t h a n k s  a r e  a l s o  due t o  D r . P. C h r i s t i e  f o r  h i s  a d v i c e  
c o n c e r n i n g  t h e  s t a t i s t i c s ,  t o  t h e  t e c h n i c a l  s t a f f  i n  t h e  M edia  
P r e p a r a t i o n  L a b o r a t o r y  and t o  M is s  D. S e x t o n  f o r  t y p i n g  t h e  
m a n u s c r i p t .
SUMMARY
I n  t h e  w ork  d e s c r i b e d  i n  t h i s  t h e s i s  t h e  p h o t o r e a c t i v a b l e  
r e s p o n s e s  o f  a  s e r i e s  o f  s t r a i n s  m u ta te d  a t  o n e  or  b o t h  o f  t h e  
p r o p o s e d  p h r  l o c i  h a v e  b e e n  d e t e r m in e d  a f t e r  254  nm UV i n a c t i v a t i o n  
an d  a c e t o p h e n o n e - s e n s i t i z e d  313 nm UV i n a c t i v a t i o n  i n  an  a t t e m p t  t o  
d e t e r m i n e  i f  t h e r e  a r e  m u l t i p l e  g e n e s  a n d / o r  p h o t o l y a s e  m o l e c u l e s  
p r e s e n t  i n  E s c h e r i c h i a  c o l i  K -1 2 .
T he i n t r o d u c t i o n  i n c l u d e s  a r e v ie w  o f  u l t r a v i o l e t  l i g h t -  
i n d u c e d  DNA damage and t h e  r e p a i r  m e c h a n ism s  w h ic h  a c t  up on  i t .
The e x p e r i m e n t a l  w ork  i s  d i v i d e d  i n t o  f o u r  p a r t s .  The f i r s t  
s e c t i o n  i s  c o n c e r n e d  w i t h  t h e  c o n s t r u c t i o n  and m a p p in g  o f  m u t a n t s  
b y b a c t e r i o p h a g e  P l - m e d i a t e d  t r a n s d u c t i o n .  I n  t h e  s e c o n d  s e c t i o n  
t h e  p h o t o r e a c t i v a b l e  r e s p o n s e s  o f  e x c i s i o n - d e f i c i e n t  s t r a i n s  
m u t a t e d  a t  o n e  o r  b o t h  o f  t h e  p r o p o s e d  p h r  l o c i  h a v e  b e e n  c o m p a red .
A A p h r  A m u ta n t  p h o t o r e a c t i v a t e d  254 nm U V - in d u c e d  damage a t  a  r a t e  
40 p e r  c e n t  t h a t  o f  a  p h r + s t r a i n ,  w h i l s t  PR w a s  d e m o n s t r a t e d  i n  a  
phrB w h ic h  w a s  a b s e n t  w h en  t h e  m u t a t i o n  w a s  t r a n s d u c e d  i n t o  a A p h r  A 
b a c k g r o u n d .  I n  S e c t i o n  I I I ,  t h e  p h o t o r e a c t i v a b l e  r e s p o n s e s  o f  
t o t a l l y  d a r k - r e p a i r - d e f i c i e n t -  s t r a i n s  w e r e  c o m p a red . The p h r *  and  
phrA  s t r a i n s  b o t h  e x h i b i t e d  b i p h a s i c  r e p a i r  k i n e t i c s  a f t e r  254  nm 
UV- and a c e t o p h e n o n e - s e n s i t i s e d  313  nm U V - in d u c e d  dam age ,  
s u g g e s t i n g  t h e  e x i s t e n c e  o f  tw o  r e p a i r  a c t i v i t e s .  The t e m p e r a t u r e -  
and w a v e l e n g t h -  d e p e n d e n c e  o f  t h e  t h e  p h o t o r e p a i r  i n  t h e  phrB  
m u ta n t  s u g g e s t e d  t h a t  t h e  r e p a i r  w a s  m e d ia t e d  by a p h o t o l y a s e - l i k e
m o l e c u l e .  The A p h r  A phrB m u ta n t  d i d  n o t  e x h i b i t  a p h o t o r e a c t i v a b l e
o  or e s p o n s e  a f t e r  g r c w t h  a t  37 C, b u t  gro w th  a t  26 C r e s u l t e d  i n
m e a s u r a b l e  p h o t o r e p a i r .  T h e s e  d a t a  s u g g e s t e d  t h a t  t h e  A phrA phrB
m u ta n t  c o u l d  n o t  b e  r e g a r d e d  a s  t o t a l l y  p h o t o r e a c t i v a t i o n - d e f i c i e n t
and i m p l i c a t e d  t h e  e x i s t e n c e  o f  a n o t h e r  p h o t o l y a s e  m o l e c u l e  from  an  
unknown l o c u s ,  o r  a t e m p e r a t u r e - d e p e n d e n t  a c t i v i t y  frcm  t h e  m u ta n t  
phrB g e n e  p r o d u c t .  I n  t h e  f i n a l  s e c t i o n  o f  t h e  e x p e r i m e n t a l  w ork  
a n  a t t e m p t  h a s  b e e n  made t o  c l o n e  t h e  p r o p o s e d  phrA  g e n e .  I t  w a s  
sh ew n  t h a t  a p l a s m i d  c a r r y i n g  a g e n e  frcm  t h e  r e g i o n  p u r p o r t e d  t o  
i n c l u d e  t h e  phrA+ g e n e  d i d  i n c r e a s e  t h e  r a t e  o f  p h o t o r e a c t i v a t i o n  
i n  a A phr A s t r a i n .
The f i n d i n g s  o f  t h e s e  f o u r  e x p e r i m e n t a l  s e c t i o n s  h a v e  b e e n  
d i s c u s s e d  i n  r e l a t i o n  t o  t h e  c u r r e n t  c o n c e p t  o f  p h o t o e n z y m a t i c  
r e p a i r  jLn v i v o  and i n  v i t r o  and s u g g e s t  t h a t  t h e  p r o p o s e d  phrA+ 
g e n e  d o e s  a f f e c t  t h e  r a t e  o f  p h o t o e n z y m a t i c  r e p a i r  b u t  p r o b a b l y  
d o e s  n o t  c o d e  f o r  a p h o t o l y a s e  m o l e c u l e .  H o w ev er ,  t h e  d a t a  do  
s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e r e  i s  a  s e c o n d  p h o t o l y a s e  m o l e c u l e ,  
t h e  l o c u s  o f  w h ic h  i s  n o t  known.
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1 . 1  B a c k g r o u n d
T he e n v ir o n m e n t  p r e s e n t s  a  c o n t i n u a l  c h a l l e n g e  t o  t h e  
i n t e g r i t y  o f  ou r  g e n e t i c  m a t e r i a l  and s o  o n e  o f  t h e  p r i n c i p l e  
f u n c t i o n s  o f  any c e l l  i s  t h e  p r e v e n t i o n  o f  a n  u n a c c e p t a b l y  h ig h  
m u t a t i o n  r a t e .  Many e n z y m a t i c  m e ch a n ism s  e x i s t  t o  e n s u r e  t h a t  t h e  
g e n e t i c  m a t e r i a l ,  d e o x y r i b o n u c l e i c  a c i d  (DNA), i s  r e p l i c a t e d  w i t h  
h i g h  f i d e l i t y  and t h a t  r e p a i r  a c t i v i t i e s  r e c o g n i s e  v a r i o u s  
a l t e r a t i o n s  i n  DNA a r i s i n g  from  i o n i z i n g  r a d i a t i o n s ,  u l t r a v i o l e t  
f r c m  t h e  su n  and  c h e m i c a l  a g e n t s .  The s t u d y  o f  u l t r a v i o l e t  
r a d i a t i o n  e f f e c t s  i s  o f  p a r t i c u l a r  i n t e r e s t  b e c a u s e  o r g a n i s m s  h a v e  
a l w a y s  h a d  t o  r e s p o n d  t o  t h e  g e n o t o x i c  e f f e c t s  o f  s o l a r  UV 
r a d i a t i o n .
T he u l t r a v i o l e t  r e g i o n  o f  t h e  e l e c t r o m a g n e t i c  s p e c tr u m  i s  
c o n v e n i e n t l y  d i v i d e d  i n t o  f a r -  ( 1 9 0 - 2 9 0  r m ) ,  m id -  ( 2 9 0 - 3 2 0  nm) and  
n ea r -U V  ( 3 2 0 - 4 0 0  n m ),  and t h i s  t e r m i n o l o g y  w i l l  b e  u s e d  t h r o u g h o u t  
t h i s  w o r k .  H o w ev er ,  t h e  t e r m s  UVC ( f a r - U V ) ,  UVB (m id-U V ) and  UVA 
( n e a r - U V ) ,  a r e  e n c o u n t e r e d  i n  t h e  l i t e r a t u r e  ( d i s c u s s e d  by J a g g e r ,  
1 9 8 5 ) .  U n l i k e  gamma r a d i a t i o n  and X - r a y s ,  t h e  e n e r g y  o f  
u l t r a v i o l e t  r a d i a t i o n  a b o v e  1 9 0  nm i s  i n s u f f i c i e n t  t o  b r i n g  a b o u t  
e l e c t r o n  e j e c t i o n  and  h e n c e  i o n i z a t i o n ,  b u t  i s  s u f f i c i e n t  t o  c a u s e  
m o l e c u l a r  e x c i t a t i o n  b y  p r o m o t io n  o f  e l e c t r o n s  t o  h i g h e r - e n e r g y  
o r b i t a l s .  T he d e s c r i p t i o n  o f  l i g h t  a s  a n  e l e c t r o m a g n e t i c  w a v e  i s  
n o t  a d e q u a t e  t o  e x p l a i n  t h e  a b s o r p t i o n  and e m i s s i o n  o f  l i g h t  by 
m o l e c u l e s ,  and s o  i s  r e g a r d e d  a s  b e i n g  q u a n t i z e d  i n t o  d i s c r e t e  
p a c k e t s  o f  e n e r g y  c a l l e d  p h o t o n s .  The e n e r g y  (E )  o f  a p h o t o n  i s  
g i v e n  b y : -
E = h e /  x
- 3 4w h e r e  h i s  P l a n c k ' s  c o n s t a n t  ( 6 . 6 2 4  x  1 0  J . s ) ,  X i s  t h e
8 “ Xw a v e l e n g t h  (m) a n d  c  i s  t h e  v e l o c i t y  o f  l i g h t  (3  x  1 0  m. s .  ) .
T h u s ,  t h e  e n e r g y  o f  a  p h o t o n  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  
w a v e l e n g t h ,  w i t h  t h e  c o n s e q u e n c e  t h a t  fa r -U V  i s  c o n s i d e r a b l y  m ore  
e n e r g e t i c  t h a n  n e a r -U V .
1 . 2  U l t r a v i o l e t  R a d i a t i o n - I n d u c e d  P h o t o p r o d u c t s
T he w o r k  o f  t h i s  t h e s i s  i s  p r i m a r i l y  c o n c e r n e d  w i t h  U V - in d u c e d  
DNA damage and  t h i s  w i l l  b e  r e v i e w e d  i n  d e t a i l  h e r e .  H ow ever , i t  
i s  i m p o r t a n t  t o  rem em ber t h a t  DNA i s  n o t  t h e  o n l y  t a r g e t  f o r  UV 
dam age s o  a b r i e f  r e v i e w  o f  non-DNA damage h a s  b e e n  i n c l u d e d  f o r  
c o m p l e t e n e s s .
I n  c o n t r a s t  t o  t h e  e a r l i e r  h y p o t h e s i s  t h a t  t h e  c y t o t o x i c  
e f f e c t s  o f  UV r a d i a t i o n  i n c r e a s e d  w i t h  d e c r e a s i n g  w a v e l e n g t h ,  G a t e s  
( 1 9 3 0 )  r e c o g n i s e d  t h a t  b a c t e r i a  e x h i b i t e d  a maximum UV a b s o r p t i o n  
a t  a p p r o x i m a t e l y  2 6 0  nm w h i c h ,  w a s  a s s o c i a t e d  w i t h  a c o n c o m i t a n t  
i n c r e a s e  i n  c e l l  l e t h a l i t y .  T h i s  s u g g e s t e d  a n  i n t e r a c t i o n  w i t h  a  
s p e c i f i c  t a r g e t  m o l e c u l e ,  w h ic h  w a s  l a t e r  show n t o  be  DNA. Many o f  
t h e  b i o l o g i c a l  e f f e c t s  o f  UV r a d i a t i o n  h a v e  now b e e n  a t t r i b u t e d  t o  
t h e  f o r m a t i o n  o f  s p e c i f i c  p h o t o p r o d u c t s  i n  DNA.
1 . 2 . 1  C y c l o b u t a n e - T y p e  D i p y r i m i d i n e  D im e r s
When DNA i s  e x p o s e d  t o  r a d i a t i o n  a t  w a v e l e n g t h s  a p p r o a c h i n g  
i t s  a b s o r p t i o n  maximum ( a b o u t  2 6 0  nm ), a d j a c e n t  p y r i m i d i n e s  b eco m e  
c o v a l e n t l y  l i n k e d  t h r o u g h  t h e i r  5,-6 d o u b l e - b o n d s  t o  form  a  
c y c l o b u t a n e  r i n g  ( B e u k e r s  and  B e r e n d s ,  1 9 6 0 ) .  A l t h o u g h  t h e r e  a r e  
t w e l v e  p o s s i b l e  i s o m e r i c  c y c l o b u t a -  d i p y r i m i d i n e s ,  t h e  c i s - s y n  form  






F i g u r e  1 . A c i s - s y n  C y c l o b u t a d i p y r i r a i d i n e  d im e r .
I n  a d d i t i o n  t o  t h y m i n e - t h y m i n e  (T -T )  d i m e r s ,  u r a c i l - u r a c i l
( D - U ) ,  t h y m i n e - c y t o s i n e  ( T - C ) ,  u r a c i l - t h y m i n e  ( U - T ) ,  c y t o s i n e -
c y t o s i n e  ( C - C ) ,  and u r a c i l - c y t o s i n e  (U -C ) d i m e r s  a r e  a l s o  fo r m e d .
S e t l o w  and C a r r i e r  ( 1 9 6 6 )  fo u n d  t h a t  i n  2 6 0  n m - i r r a d i a t e d  E . c o l i ,
w h ic h  h a s  a n  a p p r o x i m a t e l y  e q u a l  G-C and A -T  c o n t e n t ,  t h e
p e r c e n t a g e  r a t i o  o f  c y t o s i n e - c y t o s i n e ,  c y t o s i n e - t h y m i n e  and
t h y m i n e - t h y m i n e  d im e r s  w a s  6 ,  26 and 68  p e r  c e n t ,  r e s p e c t i v e l y .
G ordon  and H a s e l t i n e  ( 1 9 8 2 )  h a v e  s t u d i e d  d im e r  f o r m a t i o n  i n  an
e n d - l a b e l l e d  1 1 7 - b p  se g m e n t  o f  t h e  JE. c o l i  l a c l  g e n e  and fo u n d  t h e
s t e a d y - s t a t e  v a l u e  f o r  f o r m a t i o n  o f  C-C d i m e r s  w a s  r e a c h e d  a t  a 254
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nm f l u e n c e  o f  5 0 0  Jm , w h i l s t  t h e  s t e a d y - s t a t e  l e v e l  f o r  T-T
d i m e r s  w a s  n o t  r e a c h e d  u n t i l  t h e  DNA had  b e e n  e x p o s e d  t o  f l u e n c e s  
- 2o f  a b o u t  2 0 0 0  Jm . I n  a d d i t i o n ,  t h e  a b s o l u t e  l e v e l  o f  
d i m e r i z a t i o n  v a r i e d  a t  i n d i v i d u a l  d im er  s i t e s .  The l e v e l  v a r i e d  
fr c m  l e s s  t h a n  1 p e r  c e n t  a t  s i t e s  o f  p o t e n t i a l  C-C d i m e r s  t o  a s  
h i g h  a s  1 0  p e r  c e n t  f o r  s a n e  T -T  s i t e s .  I n  d o u b l e - s t r a n d e d  DNA, 
t h e  f l a n k i n g  n u c l e o t i d e s  a l s o  h a d  a n  e f f e c t  o n  t h e  s t e a d y - s t a t e  
l e v e l  o f  d im er  f o r m a t i o n .  The p l a t e a u  l e v e l  o f  d i m e r i z a t i o n  w a s
g r e a t e r  f o r  TT s e q u e n c e s  f l a n k e d  o n  b o th  s i d e s  by  a d e n o s i n e s  t h a n  
i t  w a s  f o r  TT s e q u e n c e s  t h a t  w e r e  f l a n k e d  o n  t h e  5 '  s i d e  by 
a d e n o s i n e  and o n  t h e  3 '  s i d e  by g u a n o s i n e .  W h i l e  t h e s e  s t u d i e s  
shew t h a t  p y r i m i d i n e  d im er  c o n t e n t s  i n  a p a r t i c u l a r  s e q u e n c e  o f  
U V - i r r a d i a t e d  DNA c a n n o t  n e c e s s a r i l y  be e x t r a p o l a t e d  t o  o t h e r  
i r r a d i a t i o n  c o n d i t i o n s ,  t h e  p y r i m i d i n e  d im er  r e m a in s  t h e  c l a s s i c  
t e s t  l e s i o n  a g a i n s t  w h ic h  t h e  e f f e c t s  o f  o t h e r  U V - in d u c e d  
p h o t o p r o d u c t s  a r e  m e a s u r e d .
1 . 2 . 2  The P y r i m i d i n e  T6 —41 P y r im id o n e  P h o t o p r o d u c t .
L ip p k e  e t  a l .  ( 1 9  8 1 )  r e p o r t e d  t h e  d e t e c t i o n  o f  a l k a l i -  
l a b i l e  s i t e s  i n  a d e f i n e d  s e q u e n c e  o f  U V - i r r a d i a t e d  human DNA w h e r e  
a c y t i d i n e  w a s  3 '  t o  a p y r i m i d i n e  n u c l e o s i d e .  T h e s e  s i t e s  w e r e  
r e f r a c t o r y  t o  a n  a p y r i m i d i n i c  (AP) e n d o n u c l e a s e  and t o  M ic r o c o c c u s  
l u t e u s  p y r i m i d i n e  d im er  e n d o n u c l e a s e .  The [ 6 - 4 ]  p h o t o p r o d u c t  




F i g u r e  2 . The P y r i m i d i n e  [ 6 - 4 ]  P y r im id o n e  p h o t o p r o d u c t
L ip p k e  e t  a l .  ( 1 9  8 1 )  fo u n d  t h a t  t h e  T-C [ 6 - 4 ]  p h o t o p r o d u c t  w a s  
fo r m e d  p r e f e r e n t i a l l y ,  f o l l o w e d  by f o r m a t i o n  a t  C-C and T -T  s i t e s .  
I n  d o u b l e - s t r a n d e d  DNA, [ 6 - 4 ]  p h o t o p r o d u c t  f o r m a t i o n  w a s  n o t
e v i d e n t  a t  C-T s e q u e n c e s  ( F r a n k l i n  e t  a l . ,  1 9 8 2 ) .  A l t h o u g h  t h e
c y c l o b u t a n e - t y p e  p y r i m i d i n e  d im er  i s  fo rm ed  i n  a p p r o x i m a t e l y  1 0 -
f o l d  g r e a t e r  a b u n d a n ce  t h a n  t h e  [ 6 - 4 ]  p h o t o p r o d u c t  u p on  e x p o s u r e  o f
DNA t o  l e w  f l u e n c e s  o f  254  nm r a d i a t i o n  (L ip p k e  e t  a l . ,  1 9 8 1 ) ,  t h e
f r e q u e n c y  d i s t r i b u t i o n  o f  d im e r s  d i d  n o t  c o r r e l a t e  w i t h  t h e
f r e q u e n c y  d i s t r i b u t i o n  o f  m u t a t i o n s  o b s e r v e d  i n  t h e  l a c l  g e n e  o f  JE.
c o l i  ( B r a s h  and H a s e l t i n e ,  1 9 8 2 ) .  At c e r t a i n  s e q u e n c e s  t h e  r a t e  o f
f o r m a t i o n  o f  t h e  [ 6 - 4 ]  p h o t o p r o d u c t  e x c e e d e d  t h a t  o f  t h e
c y c l o b u t a n e  p y r i m i d i n e  d im e r ,  e v e n  a t  v e r y  l e w  UV f l u e n c e s  i n  t h e  
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r a n g e  1 0 - 5 0  Jm . Chan e t  a l .  ( 1 9 8 6 )  m e a su r e d  t h e  a c t i o n  s p e c tr u m  
f o r  f o r m a t i o n  o f  [ 6 - 4 ]  p h o t o p r o d u c t s  and f o u n d  i t  t o  be  
i n d i s t i n g u i s h a b l e  from  t h e  p y r i m i d i n e  d i m e r - f o r m a t i o n  a c t i o n  
s p e c t r u m .  B e lc w  3 0 0  nm, b o t h  a c t i o n  s p e c t r a  c l o s e l y  p a r a l l e l e d  t h e  
DNA a b s o r p t i o n  s p e c t r u m .  More c y c l o b u t a n e  p y r i m i d i n e  d i m e r s  w e r e  
fo r m e d  b y  fa r -U V  t h a n  [ 6 - 4 ]  p h o t o p r o d u c t s ,  b u t  t h e  r a t i o  v a r i e d  
a c c o r d i n g  t o  t h e  s i t e .
The c o r r e l a t i o n  o f  [ 6 - 4 ]  p h o t o p r o d u c t s  w i t h  m u t a t i o n  h o t - s p o t s  
h a s  h e i g h t e n e d  s p e c u l a t i o n  t h a t  t h i s  p h o t o p r o d u c t  may be t h e  m o st  
s i g n i f i c a n t  p r e - m u t a g e n i c  l e s i o n  ( r e v i e w e d  by F r a n k l i n  and  
H a s e l t i n e ,  1 9 8 6 ) .  Tang e t  a l .  ( 1 9 8 6 )  h a v e  co m p a red  t h e  r e l a t i v e  
c y t o t o x i c i t y  and m u t a g e n i c i t y  o f  c y c l o b u t a n e - t y p e  p y r i m i d i n e  d i m e r s  
and [ 6 - 4 ]  p h o t o p r o d u c t s  i n  12. c o l l  uvrA  c e l l s .  U s i n g  p h o t o ­
r e a c t i v a t i o n  t o  rem o v e  a l l  p y r i m i d i n e  d im e r s  t h e y  fo u n d  t h a t ,  a t  
t h e  same s u r v i v a l  l e v e l s ,  p h o t o r e a c t i v a t e d  c e l l s  h a d  a h i g h e r  
m u t a t i o n  f r e q u e n c y  t h a n  n o n - p h o t o r e a c t i v a t e d  c e l l s .  They  
c a l c u l a t e d  t h a t  p y r i m i d i n e  d im e r s  and [ 6 - 4 ]  p h o t o p r o d u c t s  w e r e  
e q u i t o x i c ,  b u t  t h e  l a t t e r  w e r e  m ore m u t a g e n i c .  G l ic k m a n  e t  a l .
( 1 9  86 )  fo u n d  t h a t  m o s t  m u t a t i o n s  o c c u r r i n g  a t  d i p y r i m i d i n e  l e s i o n s  
a r e  r e c o v e r e d  a s  G-C -----• A-T t r a n s i t i o n s .  They  p r o p o s e d  t h e
f o l l o w i n g  e x p l a n a t i o n  t o  a c c o u n t  f o r  t h i s  o b s e r v a t i o n .  The  
5 ' - p y r i m i d i n e  r i n g  o f  t h e  [ 6 - 4 ]  p h o t o p r o d u c t  c a n  s t i l l  p a i r  
n o r m a l l y ,  b u t  b e c a u s e  t h e  3 ' - a m in o  g r o u p  o f  t h e  p y r im id o n e  r i n g  h a s  
b e e n  t r a n s f e r r e d  t o  t h e  5 ’ - p y r i m i d i n e  r i n g ,  t h e  p l a n a r  a n g l e  o f  
t h i s  r i n g  w i l l  n o t  p e r m i t  b a s e - p a i r i n g  i n  B DNA. The l o c a l  
d i s t o r t i o n  a t  t h e  3 ' - p y r i m i d o n e  r i n g  i s  s i m i l a r  t o  t h a t  e n v i s a g e d  
a t  a n  a p y r i m i d i n i c  s i t e ,  u n d er  w h ic h  c i r c u m s t a n c e s  E.  c o l l  DNA 
p o l y m e r a s e  p r e f e r e n t i a l l y  i n s e r t s  a n  a d e n i n e  r e s i d u e  w h ic h  c a u s e s  a  
G-C — ^  A-T t r a n s i t i o n .
1 . 2 . 3  P y r i m i d i n e  H y d r a t e s
T he a d d i t i o n  o f  a m o l e c u l e  o f  w a t e r  a c r o s s  t h e  5 - 6  d o u b l e  bond  
o f  a p y r i m i d i n e  b a s e  r e s u l t s  i n  t h e  f o r m a t i o n  o f  a  5 , 6 - d i h y d r o -  
6 - h y d r o x y  d e r i v a t i v e  ( F i g .  3 ) .  K i t t l e r  and L o b e r  ( 1 9 7 7 )  fo u n d  t h a t  
t h e  quantum  y i e l d  f o r  f o r m a t i o n  o f  c y t o s i n e  h y d r a t e s  i n  UV 
i r r a d i a t e d  DNA w a s  g r e a t e r  i n  s i n g l e - s t r a n d e d  DNA co m p a red  w i t h  




F i g u r e  3 . A 5 , 6 - d i h y d r o - 6 - h y d r o x y c y t o s i n e .
T h e s e  p h o t o p r o d u c t s  h a v e  s h o r t - h a l f  l i v e s  and  r e a d i l y  
d e h y d r a t e  t o  t h e  p a r e n t  fo r m ,  l e a d i n g  t o  t h e  c o n c l u s i o n  t h a t  t h e y  
a r e  p r o b a b l y  o n l y  o f  b i o l o g i c a l  s i g n i f i c a n c e  i n  a r e a s  o f
s i n g l e - s t r a n d e d n e s s ,  s u c h  a s  d u r i n g  r e p l i c a t i o n  a n d / o r  
t r a n s c r i p t i o n  o f  t h e  DNA ( K i t t l e r  aivd L o b e r ,  1 9 7 7 ) .
1 . 2 . 4  T hym ine G l y c o l s
T h e s e  l e s i o n s  r e s u l t  fr c m  t h e  s a t u r a t i o n  o f  t h e  5 - 6  
d o u b l e - b o n d  o f  some p y r i m i d i n e s  ( F i g .  4 ) .  T h i s  i s  o n e  o f  t h e  m ajor  
f o r m s  o f  DNA b a s e  damage in d u c e d  by i o n i z i n g  r a d i a t i o n ,  b u t  i t  c a n  





F i g u r e  4 . A 5 , 6 - d i h y d r o x y - 5 , 6 - d i h y d r o t h y m i n e .
C la r k  and  B e a r d s l e y  ( 1 9 8 6 )  fo u n d  t h a t  e l s - th y m in e  g l y c o l s  
in d u c e d  i n  s i n g l e  s t r a n d e d  M13mp9 DNA by osmium t e t r o x i d e ,  b l o c k e d  
DNA s y n t h e s i s  w h en  u s i n g  t h e  K lencw  fr a g m e n t  o f  DNA p o l y m e r a s e  I  or  
T4 DNA p o l y m e r a s e .  S e q u e n c e  a n a l y s i s  r e v e a l e d  t h a t  s y n t h e s i s  w a s  
h a l t e d  a f t e r  a d d i t i o n  o f  t h e  c o r r e c t  n u c l e o t i d e  ( i . e .  A o p p o s i t e  
T ) ,  s u g g e s t i n g  t h a t  t h e  l e s i o n  may n o t  be p r e m u t a g e n i c .
1 . 2 . 5  D N A - P r o t e in  C r o s s l i n k s
T h e r e  i s  a  f l u e n e e - d e p e n d e n t  d e c r e a s e  i n  t h e  amount o f  DNA 
t h a t  c a n  b e  e x t r a c t e d  f r e e  o f  p r o t e i n  frcm  b o t h  p r o k a r y o t i c  and  
e u k a r y o t i c  c e l l s .  H ow ever ,  t r e a t m e n t  w i t h  t r y p s i n  y i e l d s  f r e e  DNA, 
s u g g e s t i n g  t h a t  t h e  DNA h a s  b ecom e c r o s s - l i n k e d  w i t h  p r o t e i n .  The  
m e c h a n ism  i s  n o t  known, b u t  may r e s u l t  fr c m  p h o t o p r o d u c t  f o r m a t i o n
b e t w e e n  t h y m in e  and  c y s t e i n e .  P eak  e t  a l .  ( 1 9 8 5 )  h a v e  c o n s t r u c t e d  
a n  a c t i o n  s p e c t r u m  f o r  t h e  i n d u c t i o n  o f  D N A - p r o t e in  c r o s s - l i n k s  i n  
human c e l l s .  B e lo w  2 9 0  nm t h e  s p e c tr u m  c o i n c i d e s  w i t h  t h e  DNA 
a b s o r p t i o n  s p e c t r u m ,  s u g g e s t i n g  a d i r e c t  p h o t o n - a b s o r p t i o n  e v e n t .  
H o w ev er ,  d e v i a t i o n  fr c m  t h e  DNA s p e c tr u m  a b o v e  2 9 0  nm i m p l i e s  t h e  
p a r t i c i p a t i o n  o f  a s - y e t - u n i d e n t i f i e d  c h r c m o p h o r e s  o t h e r  t h a n  DNA. 
B elo w  3 2 0  ran, P eak  e t  a l .  ( 1 9 8 5 )  e s t i m a t e d  t h a t  t h e r e  w a s
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a p p r o x i m a t e l y  1 D N A - p r o t e in  c r o s s - l i n k  p e r  2 x  1 0  d i m e r s ,  or  a b o u t  
4 0  D N A - p r o t e in  c r o s s - l i n k s  p e r  l e t h a l  e v e n t .  T he a u t h o r s  w e r e  
u n a b l e  t o  c o n c l u d e  w h e t h e r  DNA- p r o t e i n  c r o s s - l i n k s  a r e  l e t h a l  
l e s i o n s .
1 . 2 . 6  M i s c e l l a n e o u s  U V - in d u c e d  DNA P h o t o p r o d u c t s
O th e r  p h o t o p r o d u c t s  w h ic h  h a v e  b e e n  p r o p o s e d  i n c l u d e  a l e s i o n  
fo r m e d  b e t w e e n  t w o  o r  m ore  a d j a c e n t  a d e n i n e  r e s i d u e s  i n  
p o l y a d e n y l i c  a c i d  ( P o r s c h e ,  1 9 7 3 )  a n d  a p h o t o a d d i t i o n  p r o d u c t  
b e t w e e n  a d j a c e n t  a d e n i n e  and t h y m in e  b a s e s  (B o s e  and D a v i e s ,  1 9 8 4 ) .
R e c e n t l y ,  G a l l a g h e r  and D uker ( 1 9 8 6 )  h a v e  r e p o r t e d  t h e  d e t e c t i o n  
o f  p u r i n e  p h o t o p r o d u c t s  i n  a d e f i n e d  s e q u e n c e  o f  human DNA 
i r r a d i a t e d  w i t h  a b r o a d  band  m e r c u r y  l i g h t  s o u r c e  ( 2 5 0 - 4 0 0  nm ).  
I n c u b a t i o n  o f  t h e  i r r a d i a t e d  DNA w i t h  e n d o n u c l e a s e  V ( t h e  denV g e n e  
p r o d u c t  o f  'p h a g e  T4 i n f e c t e d  E .  c o l i ) ,  p r o d u c e d  i n c i s i o n  a t  p u r i n e  
l o c i ,  s u g g e s t i n g  t h e  e x i s t e n c e  o f  p u r i n e  p h o t o p r o d u c t s ,  p o s s i b l y  
d i m e r s .
1 . 2 . 7  S e n s i t i z e d  U V - in d u c e d  B a s e  Damage
T he m o s t  i m p o r t a n t  p h o t o s e n s i t i z e d  r e a c t i o n s  a r e  t h o s e  
r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  t h y m in e  d im e r s  i n  DNA by t r i p l e t
e x c i t a t i o n  t r a n s f e r .  L am ola  and Yainane ( 1 9 6 7 )  r e p o r t e d  t h a t  313  nm 
i r r a d i a t i o n  o f  d e o x y g e n a t e d  a q u e o u s  s o l u t i o n s  c o n t a i n i n g  DNA and  
a c e t o p h e n o n e  l e a d  t o  t h e  e f f i c i e n t  f o r m a t i o n  o f  th y m in e  d i m e r s .
The l o w e s t  t r i p l e t  s t a t e  o f  a c e t o p h e n o n e  i s  s l i g h t l y  h i g h e r  t h a n  
t h a t  o f  t h y m i n e ,  b u t  l o w e r  t h a n  t h e  t r i p l e t  s t a t e s  o f  t h e  o t h e r  
b a s e s .  H ence  t h e  t r i p l e t  e n e r g y  o f  t h e  e x c i t e d  p h o t o s e n s i t i z e r  i s  
t r a n s f e r r e d  t o  t h y m i n e ,  f a c i l i t a t i n g  t h e  f o r m a t i o n  o f  T-T  d i m e r s .  
L am ola  (1 9 6  9 )  f o u n d  t h e  i n i t i a l  r a t e s  o f  p r o d u c t i o n  o f  T-T an d  C-C 
d i m e r s  t o  b e  1 . 0 0  and 0 . 0 3 ,  r e s p e c t i v e l y .  L am ola  ( 1 9 6 9 )  c o n c l u d e d  
t h a t  w h i l s t  254  nm i r r a d i a t i o n  o f  DNA r e s u l t s  i n  a s t e a d y  s t a t e  o f  
a p p r o x i m a t e l y  7 p e r  c e n t  o f  th y m in e  d i m e r i z e d ,  i r r a d i a t i o n  a t  313  
nm i n  t h e  p r e s e n c e  o f  a c e t o p h e n o n e  c a n  y i e l d  T -T  d i m e r s  a t  a  l e v e l  
c l o s e  t o  t h e  t h e o r e t i c  maximum. U s in g  p h o t o r e a c t i v a t i o n  a s  a  
m e a s u r e  o f  t h e  e x t e n t  o f  p y r i m i d i n e  d im er  d am age , H o d g e s  e t  a l .  
( 1 9 8 0 )  fo u n d  t h e  p h o t o r e a c t i v a t i o n  s e c t o r  (PRS) o f  t h e  U V - s e n s i t i v e  
m u ta n t  33. c o l i  K -12  AB24 80 t o  be  0 . 9 8  a f t e r  a c e t o p h e n o n e - s e n s i t i z e d  
31 3  nm r a d i a t i o n  c o m p a r e d  w i t h  0 . 8 1 8  a f t e r  254  nm i r r a d i a t i o n ,  
i n d i c a t i n g  a  s i g n i f i c a n t l y  g r e a t e r  p r o p o r t i o n  o f  p h o t o r e a c t i v a b l e  
damage a f t e r  s e n s i t i z e d  i r r a d i a t i o n .
1 . 3 .  U l t r a v i o l e t - i n d u c e d  Non-DNA Damage
W h i l s t  t h e  a c t i o n  spedtra  f o r  l e t h a l i t y  i n  many s p e c i e s  h a v e  
b e e n  show n t o  c l o s e l y  f o l l c w  t h e  a b s o r b a n c e  o f  DNA up t o  313  nm, 
b e y o n d  t h i s  many o f  t h e  l e t h a l  r e s p o n s e s  a r e  p r o b a b l y  due t o  p h o t o n  
a b s o r p t i o n  by o t h e r  c h r c m o p h o r e s  c a u s i n g  e i t h e r  DNA m o l e c u l a r  
a l t e r a t i o n s  o r  o t h e r  e f f e c t s  l e t h a l  t o  t h e  c e l l .  T he t a r g e t s  f o r  
near-U V  k i l l i n g  h a v e  b e e n  r e v i e w e d  by J a g g e r  ( 1 9 8 5 )  and  i n c l u d e  DNA 
i t s e l f ,  DNA r e p a i r  s y s t e m s  an d  m em b ran es .  To a m p l i f y  b r i e f l y  on  
o n e  o f  t h e s e  p o i n t s ,  T y r r e l l  e t  a l .  ( 1 9 7 3 )  h a v e  d e m o n s t r a t e d
d e s t r u c t i o n  o f  t h e  E .  c o l i  p h o t o r e a c t i v a t i n g  en zy m e by 3 6 5  rm 
r a d i a t i o n .  S i m i l a r l y ,  T y r r e l l  and Webb ( 1 9 7 3 )  fo u n d  t h e  a b i l i t y  o f  
JE. c o l i  B / r  t o  e x c i s e  254  n m - r a d i a t i o n - i n d u c e d  p y r i m i d i n e  d im e r s  
f r a n  i t s  DNA w a s  a l s o  p r o g r e s s i v e l y  reduced«sa f u n c t i o n  o f  t h e  
f l u e n c e  o f  3 6 5  nm r a d i a t i o n .  B o th  o f  t h e s e  f i n d i n g s ,  and t h e  
o b s e r v a t i o n  t h a t  n ear-U V  r a d i a t i o n  s u r v i v a l  c u r v e s  e x h i b i t  l a r g e  
s h o u l d e r s  b e f o r e  d r o p p in g  o f f  s t e e p l y  a t  h i g h e r  f l u e n c e s ,  s u g g e s t s  
t h a t  damage t o  DNA r e p a i r  s y s t e m s  may be  a n  im p o r t a n t  f a c t o r  i n  
d e t e r m i n i n g  u l t r a v i o l e t  r a d i a t i o n  l e t h a l i t y .
2 DNA R e p a i r  and Damage T o l e r a n c e
DNA r e p a i r  m e c h a n is m s  c a n  be s e p a r a t e d  i n t o  tw o  c l a s s e s ;  t h o s e  
w h i c h  r e c o g n i s e  an d  r e p a i r  damage p r i o r  t o  r e p l i c a t i o n ,
n a m e ly  p h o t o r e a c t i v a t i o n  an d  n u c l e o t i d e  e x c i s i o n  r e p a i r ,  and t h o s e  
w h i c h  f a c i l i t a t e  t o l e r a n c e  o f  p e r s i s t i n g  damage d u r i n g  and  a f t e r  
r e p l i c a t i o n .  T h i s  l a t t e r  p r o c e s s  i s  r e f e r r e d  t o  a s  p o s t ­
r e p l i c a t i o n  r e p a i r .  T he n a t u r e  o f  t h i s  t h e s i s  dem ands a 
c o m p r e h e n s i v e  r e v i e w  o f  t h e  l i t e r a t u r e  c o n c e r n i n g  p h o t o e n z y m a t i c  
r e p a i r ,  s o  t h e  p r o c e s s e s  o f  e x c i s i o n  r e p a i r  and  p o s t - r e p l i c a t i o n  
r e p a i r  c a n  o n l y  b e  t r e a t e d  b r i e f l y .  H ow ever ,  i t  m u s t  be rem em bered  
t h a t  t h e s e  p r o c e s s e s  r e s p o n d  t o  a v a r i e t y  o f  d a m a g in g  a g e n t s  i n  
a d d i t i o n  t o  UV r a d i a t i o n ,  and s o  t h e i r  o v e r a l l  im p o r t a n c e  a s  DNA 
r e p a i r  m e c h a n is m s  s h o u l d  b e  e m p h a s i s e d .
2 . 1  E n z y m a t ic  P h o t o r e a c t i v a t i o n  
I n t r o d u c t i o n  and B a c k g r o u n d
E n z y m a t ic  p h o t o r e a c t i v a t i o n  (EPR) may be c o n v e n i e n t l y  d e f i n e d  
a s  t h e  r e p a i r  o f  U V - in d u c e d  p h o t o p r o d u c t s  _in s i t u  by  t h e  c o m b in ed  
a c t i o n  o f  a  p h o t o r e a c t i v a t i n g  enzym e (PRE) an d  v i s i b l e  l i g h t .  T h i s  
d e f i n i t i o n  d o e s ,  h c w e v e r ,  h a v e  t o  be b r o a d e n e d  t o  i n c l u d e  t h e  EPR 
o f  U V - ty p e  damage in d u c e d  by  i o n i z i n g  r a d i a t i o n  ( r e v i e w e d  by  
R e d p a th ,  1 9 8 6 ) .
A l t h o u g h  t h e  a n t a g o n i s m  o f  U V - r a d i a t i o n  and v i s i b l e  l i g h t  had  
a l r e a d y  b e e n  r e c o g n i s e d  ( W h i t t a k e r ,  1 9 4 2 ) ,  t h e  s y s t e m a t i c  s t u d y  o f  
EPR d i d  n o t  b e g i n  u n t i l  t h e  l a t e  1 9 4 0 s  w i t h  t h e  s i m u l t a n e o u s  
p u b l i c a t i o n s  by A l b e r t  K e l n e r  and R e n a t o  D u l b e c c o .  W h i l s t  
i n v e s t i g a t i n g  t h e  e f f e c t  o f  p o s t - i r r a d i a t i o n  t e m p e r a t u r e  on  t h e  
U V - s u r v i v a l  o f  S t r e p t c m y c e s  g r i s e u s  c o n i d i a ,  K e ln e r  ( 1 9 4 9 )  r e p o r t e d  
t h a t  e x p o s u r e  o f  U V - i r r a d i a t e d  s u s p e n s i o n s  t o  v i s i b l e  l i g h t  
r e s u l t e d  i n  a n  i n c r e a s e  i n  s u r v i v a l  r a t e ,  w h e r e a s  c o n t r o l s  k e p t  i n  
t h e  d a r k  d i d  n o t .  D u l b e c c o  ( 1 9 4 9 )  r e p o r t e d  a  s i m i l a r  o b s e r v a t i o n  
w i t h  U V - i r r a d i a t e d  T - b a c t e r l o p h a g e s  i n  15. c o l i  and c o i n e d  t h e  term  
' p h o t o r e a c t i v a t i o n  * .
R u p e r t  e t  a l .  ( 1 9 5 8 )  u s e d  c r u d e  c e l l  e x t r a c t s  and  t h e  
H a e m o p h i lu s  i n f l u e n z a e  t r a n s f o r m a t i o n  a s s a y  t o  m e a s u r e  ERE a c t i v i t y  
i n  v i t r o . T h e s e  d a t a  s u g g e s t e d  t h e  p h o t o r e p a i r a b l e  l e s i o n  w a s  
s i t u a t e d  i n  t h e  DNA and t h a t  t h e  a g e n t  w a s  e n z y m a t i c  i n  n a t u r e .
C la u d  R u p e r t  d e v e l o p e d  a r e a c t i o n  sc h em e  f o r  t h e  p h o t o -  
r e a c t i v a t i n g  en zy m e c o m p l e x i n g  w i t h  t h e  s u b s t r a t e  b a s e d  o n  
M ic h a e l  i s - M e n t e n  k i n e t i c s  ( R u p e r t ,  196 2 a , b ) .  A s c h e m a t i c  
i l l u s t r a t i o n  o f  t h e  r e a c t i o n  i s  show n i n  F i g .  5 .
A t t h i s  t i m e  t h e  n a t u r e  o f  t h e  s u b s t r a t e  w a s  n o t  known.
B e u k e r s  and  B e r e n d s  (1 9 6  0 )  an d  Wang ( 1 9 6 0 )  fo u n d  t h a t  UV-
1 ) .  P y r i m i d i n e  d im e r  i n  
U V - i r r a d i a t e d  DNA -  I I
2 ) .  C om plex  o f  DNA w i t h
p h o t o r e a c t i v a t i n g  enzym e
L i g h t
3 ) .  A b s o r p t i o n  o f  l i g h t
4 ) .  R e l e a s e  o f  en zy m e t o  
r e s t o r e  n a t i v e  DNA
F I G .5 .  S c h e m a t i c  i l l u s t r a t i o n  o f  t h e  p h o t o r e a c t i v a t i o n  o f  
u l t r a v i o l e t - i n d u c e d  p y r i m i d i n e  d im e r s  i n  DNA.
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i r r a d i a t i o n  o f  a f r o z e n  t h y m in e  s o l u t i o n  y i e l d e d  a d i m e r i c  t h y m in e  
p h o t o p r o d u c t  w h ic h  w a s  i d e n t i c a l  t o  t h e  m a in  p h o t o p r o d u c t  i n  
U V - i r r a d i a t e d  DNA. S u b s e q u e n t  i r r a d i a t i o n  o f  t h e  th a w ed  s o l u t i o n  
l e d  t o  t h e  r e a p p e a r a n c e  o f  t h e  c h a r a c t e r i s t i c  th y m in e  a b s o r p t i o n  
s p e c t r u m .  The a u t h o r s  s u g g e s t e d  t h i s  r e v e r s i b l e  a l t e r a t i o n  o f  DNA 
by U V - r a d i a t i o n  m i g h t  be r e l a t e d  t o  b i o l o g i c a l  p h o t o r e a c t i v a t i o n ,  
h c w e v e r ,  Wang ( 1 9 6 0 )  sh e w e d  t h a t  i r r a d i a t i o n  o f  th y m in e  d im e r s  i n  
s o l u t i o n  w i t h  3 7 0  nm p h o t o r e a c t i v a t i n g  l i g h t  d i d  n o t  l e a d  t o  t h e  
r e a p p e a r a n c e  o f  t h y m in e  m o n o m ers .  W u l f f  and R u p e r t  (1 9 6  2) w e r e
3
a b l e  t o  show l o s s  o f  t h y m in e  d im e r s  frcm  H - t h y m i n e - l a b e l l e d  DNA by  
t h e  co m b in e d  a c t i o n  o f  a c e l l - f r e e  e x t r a c t  o f  b a k e r s '  y e a s t  and  
p h o t o r e a c t i v a t i n g  l i g h t .  T h i s  s u g g e s t e d  t h a t  e n z y m a t i c  p h o t o ­
r e a c t i v a t i o n  i n v o l v e d  t h e  s p l i t t i n g  o f  p y r i m i d i n e  d im e r s  i n t o  t h e i r  
c o n s t i t u e n t  m on om ers , and w a s  p r o v e n  by t h e  w ork  o f  S e t l o w  and  
S e t l o w  ( 1 9 6 2 ) .
A t t h i s  p o i n t  a d i s t i n c t i o n  s h o u l d  be  drawn b e t w e e n  e n z y m a t i c  
p h o t o r e a c t i v a t i o n  ( F i g .  5 )  a n d  o t h e r  e x a m p le s  o f  l i g h t - d e p e n d e n t  
r e c o v e r y  i n c l u d i n g  d i r e c t  p h o t o r e v e r s a l ,  s e n s i t i z e d  p h o t o r e v e r s a l  
and i n d i r e c t  p h o t o r e a c t i v a t i o n .  As d i s c u s s e d  a b o v e ,  d i r e c t  or  
s h o r t - w a v e l e n g t h  r e a c t i v a t i o n ,  in  w h ic h  t r a n s f o r m i n g  DNA 
i n a c t i v a t e d  w i t h  2 8 0  nm l i g h t  i s  p a r t i a l l y  r e a c t i v a t e d  by  
i r r a d i a t i o n  w i t h  2 3 9  rm UV, o c c u r s  due t o  a s h i f t  i n  t h e  
e q u i l i b r i u m  b e t w e e n  t h e  t h y m in e  monomer and c y c l o b u t a n e - t y p e  d im er  
i n  f a v o u r  o f  t h e  moncmer ( s e e  F i g .  6 and S e c t i o n  1 . 2 . 1 ) .
Thym ine C y c l o b u t a n e - t y p e  d im er
F i g u r e  6 . R e v e r s i b l e  p h o t o d i m e r i z a t i o n  o f  th y m in e
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2 . 1 . 2  S e n s i t i z e d  P h o t o r e v e r s a l
T h i s  p r o c e s s  h a s  b e e n  o b s e r v e d  w i t h  t r y p t o p h a n  and t r y p t o p h a n -  
c o n t a i n i n g  o l i g o p e p t i d e s  s u c h  a s  l y s - t r p - l y s ,  a s  w e l l  a s  t h e  
t r y p t o p h a n - r i c h  p r o t e i n  c o d e d  by g e n e  3 2  o f  ' p h a g e  T4 ( r e v i e w e d  by  
H e l e n e  e t  a l . ,  1 9 7 8 ) .  The m ech a n ism  i s  t h o u g h t  t o  p r o c e e d  v i a  a 
b a s e - s t a c k i n g  i n t e r a c t i o n  o f  t h e  t r y p t o p h a n y l  r e s i d u e  w i t h  a  
p y r i m i d i n e  d im e r ,  w h ic h  f a c i l i t a t e s  e l e c t r o n  t r a n s f e r  f r a n  t h e  
e x c i t e d  i n d o l e  r i n g  t o  t h e  d im e r .  T h i s  ph en om en on  i s  n o t  o b s e r v e d  
w i t h  w a v e l e n g t h s  a b o v e  3 0 0  nm and i s  t h u s  d i s t i n g u i s h e d  fr c m  ' t r u e '
EPR.
2 . 1 . 3  I n d i r e c t  P h o t o r e a c t i v a t i o n
T h i s  p h en om en on  b ecam e a p p a r e n t  w h e n  p h o t o r e a c t i v a t i o n  w a s  
o b s e r v e d  w i t h  25 4  nm UV i r r a d i a t e d  JE. c o l i  B p h r ,  a  s t r a i n  l a c k i n g  
p h o t o r  e a c t i v a t i n g  e n z y m e .  The e f f e c t  d i d  n o t  o c c u r  w i t h  4 0 5  ran 
p h o t o r e a c t i v a t i n g  l i g h t  and w a s  n o t  due t o  s p l i t t i n g  o f  t h y m in e  
d i m e r s  ( J a g g e r  e t  a l . ,  1 9 6 9 ) .  I n  c o n t r a s t  t o  EPR, t h e s e  w o r k e r s  
s u g g e s t e d  t h a t  t h i s  ' i n d i r e c t '  p h o t o r e a c t i v a t i o n  r e s u l t e d  f r c m  
e n h a n c e m e n t  o f  d a r k  r e p a i r  p r o c e s s e s .  T h i s  w a s  s u b s e q u e n t l y  p r o v e n  
by R am abhadran a n d  J a g g e r  ( 1 9 7 6 )  who d e m o n s t r a t e d  t h a t  near-U V  
i r r a d i a t i o n  in d u c e d  a g r o w th  d e l a y  w h ic h  f a c i l i t a t e d  t h e  e x c i s i o n  
r e p a i r  p r o c e s s .  The m ech a n ism  o f  n ear-U V  r a d i a t i o n - i n d u c e d  g r o w th  
d e l a y  h a s  b e e n  r e v i e w e d  J a g g e r  ( 1 9 8 5 ) .  B r i e f l y ,  n ear-U V  r a d i a t i o n  
i n d u c e s  a p h o t o a d d u c t  b e t w e e n  4 - t h i o u r i d i n e  i n  t h e  8 - p o s i t i o n  and a  
c y t i d i n e  i n  t h e  1 3 - p o s i t i o n  o f  c e r t a i n  r a r e  f o r m s  o f  tRNA. T h i s  
l o w e r s  t h e  r a t e  a t  w h i c h  t h e  tRNA a c c e p t s  am in o  a c i d s ,  w h ic h  i n  
t u r n  d e c r e a s e s  t h e  r a t e  o f  p r o t e i n  s y n t h e s i s .  The p r e s e n c e  o f  
u n c h a r g e d  tRNAs i n  t h e  c e l l  l e a d s  t o  a n  i n c r e a s e  i n  t h e  l e v e l s  o f  
g u a n o s i n e  t e t r a p h o s p h a t e  (p p G p p ) ,  and g u a n o s i n e  p e n t a p h o s p h a t e
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(ppG ppp) and  a d e c r e a s e  i n  t h e  r a t e  o f  s t a b l e  RNA a c c u m u l a t i o n  w i t h  
c o n s e q u e n t  g r o w th  d e l a y .
T h i s  p h enom enon  s h o u l d  n o t  be c o n f u s e d  w i t h  t h e  l i g h t  
e n h a n c e m e n t  o f  PRE a c t i v i t y  i n  S a c c h a r o m y c e s  c e r e v i s i a e , d i s c u s s e d  
i n  S e c t i o n  2 . 1 . 6 . 1 .
2 . 1 . 4  O c c u r r e n c e  o f  DNA P h o t o r e a c t l v a t i n g  Enzyme A c t i v i t y
P h o t o r e a c t i v a t i n g  en zy m e (PRE) o r  DNA p h o t o l y a s e  (EC 4 . 1 . 9 9 . 3 )  
h a s  b e e n  d e t e c t e d  i n  many o r g a n i s m s  by a v a r i e t y  o f  a s s a y  m e th o d s  
( d i s c u s s e d  b e l o w ) .  C o n s i d e r i n g  t h e  r o l e  o f  UV r a d i a t i o n  a s  a 
s o u r c e  o f  g e n e t i c  dam age i n  b i o l o g i c a l  e v o l u t i o n  i t  i s  n o t  
s u r p r i s i n g  t h a t  o r g a n i s m s  h a v e  d e v e l o p e d  s p e c i f i c  m e th o d s  f o r  t h e  
r e p a i r  o f  p y r i m i d i n e  d i m e r s .  T h i s  i s  r e f l e c t e d  i n  t h e  n e a r  
u b i q u i t y  o f  PRE. The p h y l o g e n e t i c  d i s t r i b u t i o n  o f  PRE h a s  b e e n  
r e v i e w e d  by R u p e r t  ( 1 9 7 5 ) .  S p e c i f i c  e x a m p le s  i n c l u d e  t h e  
b l u e - g r e e n  a l g a ,  A n a c y s t i s  n l d u l a n s  ( S a i t o  and W e r b in ,  1 9 7 0 ) ;  t h e  
c o l o n  b a c t e r iu m  E s c h e r i c h i a  c o l l  ( R u p e r t  e t  a l . ,  1 9 5 8 ) ;  t h e  s o i l  
a c t i n o m y c e t e  S t r e p t c m y c e s  g r l s e u s  ( E k e r ,  1 9 7 8 ) ,  b a k e r s '  y e a s t ,  
S a c c h a r o m y c e s  c e r e v i s i a e  ( R u p e r t ,  1 9 6 0 a , b )  and  i n  s e v e r a l  m am m alian  
s p e c i e s  i n c l u d i n g  t h e  A m e r ic a n  op ossu m  D i d e l p h l s  m a r s u p i a l  i s  (C ook  
a nd  R e g a n ,  1 9 6 9 ) ;  t h e  r a b b i t ,  O r y c t o l a g u s  c u n i c u l u s  (H . Harm, 
u n p u b l i s h e d ) ,  and human c e l l s  ( S u t h e r l a n d  an d  S u t h e r l a n d ,  1 9 7 5 ) .
W h i l s t  e v i d e n c e  h a s  b e e n  p u b l i s h e d  f o r  t h e  p r e s e n c e  o f  DNA p h o t o ­
l y a s e  i n  c e l l  e x t r a c t s  o f  p l a c e n t a l  mammals, t h e  ph en om en on  o f  
e n z y m a t i c  p h o t o r e a c t i v a t i o n  i n  human c e l l s  i s  c o n t r o v e r s i a l .
D e t a i l e d  c o n s i d e r a t i o n  o f  t h e  e v i d e n c e  f o r  p h o t o r e a c t i v a t i o n  i n  
human c e l l s  w i l l  b e  g i v e n  l a t e r .  I n t e r e s t i n g l y ,  PRE a c t i v i t y  h a s  
b e e n  d e m o n s t r a t e d  i n  t i s s u e s  w h ic h  a r e  n o t  n o r m a l l y  e x p o s e d  t o  
l i g h t ,  i n c l u d i n g  a r e p o r t  by Woodhead and A chey  ( 1 9 7 9 )  t h a t  PRE i s
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p r e s e n t  i n  t h e  b l i n d  c a v e f i s h  A n o p t l c h t h y s  l o r d a n i , w h ic h  l o s t  t h e  
e y e s  i n  a d e g e n e r a t i v e  a d a p t a t i o n  t o  t h e  d a r k  e n v i r o n m e n t .  T h i s  
r a i s e s  t h e  q u e s t i o n  w h e t h e r  i t  i s  p o s s i b l e  t h a t  ERE h a s  a n o t h e r  
f u n c t i o n  i n  t h e  c e l l  b e s i d e s  p h o t o r e a c t i v a t i o n .  W ith  t h e  e x c e p t i o n  
o f  t h e  f i n d i n g  o f  Yamamoto e t  a l .  ( 1 9 8 3 a )  t h a t  ERE e n h a n c e s  
e x c i s i o n  r e p a i r  i n  r e c A  s t r a i n s  o f  E.  c o l l  ( d i s c u s s e d  i n  S e c t i o n  
2 . 2 ) ,  no  d e f i n i t e  c l u e s  h a v e  b e e n  fo u n d  f o r  t h i s  s u p p o s i t i o n .
2 . 1 . 5  A s s a y  M ethods f o r  F h o t o r e a c t i v a t i n q  Enzym e A c t i v i t y
B e s i d e s  v a r i o u s  b i o l o g i c a l  c r i t e r i a  u s e d  f o r  Jjn v i v o  s t u d i e s ,  
s e v e r a l  m e th o d s  h a v e  b e e n  d e v e l o p e d  f o r  t h e  m e a s u r e m e n t  o f  p h o t o -  
r e a c t i v a t i n g  enzym e a c t i v i t y  _in v i t r o .
2 . 1 . 5 . 1  T r a n s f o r m a t i o n  A s s a y
I n  t h i s  a s s a y  a p u r i f i e d  t r a n s f o r m i n g  DNA, o f t e n  from  
H a e m o p h i lu s  i n f l u e n z a e , c a r r y i n g  a known g e n e t i c  m a r k e r  ( e . g .  
s t r e p t o m y c i n  r e s i s t a n c e ) ,  i s  UV i r r a d i a t e d  an d  i n c u b a t e d  w i t h  
p r e p a r a t i o n s  o f  DNA p h o t o l y a s e  i n  t h e  p r e s e n c e  o f  p h o t o r e a c t i v a t i n g  
l i g h t  i n  v i t r o . The c e l l s  o f  a s t r e p t o m y c i n - s e n s i t i v e  s t r a i n  a r e  
made c o m p e t e n t  ( i . e .  a b l e  t o  t a k e  u p ,  i n c o r p o r a t e  and e x p r e s s  
e x o g e n o u s  DNA) and  t h e  number o f  s t r e p t o m y c i n - r e s i s t a n t  
t r a n s f o r m a n t s  d e t e r m i n e d .  The ERE a c t i v i t y  i s  q u a n t i f i e d  by  t h e  
i n c r e a s e  i n  number o f  t r a n s f o r m a n t s  com pared  w i t h  t h e  c o n t r o l  
i n c u b a t e d  i n  t h e  d a r k .
2 . 1 . 5 . 2  M e m b r a n e -B in d in g  A s s a y
Madden e t  a l .  (1 9 7  3 )  d e v e l o p e d  t h e  m e m b r a n e - b in d in g  a s s a y  
b a s e d  o n  t h e  f a c t  t h a t  w h i l s t  p h o t o r e a c t i v a t i n g  w a v e l e n g t h s  o f
l i g h t  a r e  r e q u i r e d  f o r  t h e  s p l i t t i n g  o f  p y r i m i d i n e  d im e r s  by a l l
known DNA p h o t o l y a s e s ,  t h e  b i n d i n g  o f  t h e  PRE t o  d im e r s  i n  d u p l e x
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DNA o c c u r s  i n  t h e  d a r k .  T hey  in c u b a t e d  U V - i r r a d i a t e d  [ H ] -  
l a b e l l e d  b a c t e r i o p h a g e  T7 DNA w i t h  p u r i f i e d  y e a s t  p h o t o l y a s e  i n  t h e  
d a r k ,  and f i l t e r e d  t h e  m i x t u r e  t h r o u g h  a n i t r o c e l l u l o s e  membrane  
f i l t e r .  The PRE-UV-DNA c o m p le x  i s  r e t a i n e d  o n  t h e  f i l t e r  and t h e  
am ount o f  r a d i o a c t i v i t y  bound  t o  t h e  f i l t e r  i s  p r o p o r t i o n a l  t o  t h e  
PRE c o n c e n t r a t i o n .  W h i l s t  t h i s  a s s a y  i s  u s e f u l  f o r  p u r i f i e d  
p h o t o l y a s e  p r e p a r a t i o n s ,  i t  h a s  t h e  d i s a d v a n t a g e  t h a t  i n  c r u d e r  
p r e p a r a t i o n s  o t h e r  p r o t e i n s  h a v i n g  n o n - s p e c i f i c  D N A -b in d in g  
a c t i v i t y  may c a u s e  s i g n i f i c a n t  i n t e r f e r e n c e .
2 . 1 . 5 . 3  O l i g o n u c l e o t i d e  A s s a y
S u t h e r l a n d  an d  C h a m b e r l in  ( 1 9 7 3 )  d e v e l o p e d  t h e  o l i g o n u c l e o t i d e
a s s a y  b a s e d  o n  t h e  u n iq u e  r e s i s t a n c e  o f  t h e  i n t r a - d i m e r  n u c l e o t i d e
p h o s p h a t e  b ond  t o  h y d r o l y s i s  by p a n c r e a t i c  D N a s e l ,  sn a k e  venom
p h o s p h o d i e s t e r a s e  and  a l k a l i n e  p h o s p h a t a s e .  B a c t e r i o p h a g e  T7 DNA, 
3 2l a b e l l e d  w i t h  P , w a s  U V - i r r a d i a t e d  and i n c u b a t e d  w i t h  c e l l
e x t r a c t s  c o n t a i n i n g  PRE i n  t h e  l i g h t  o r  d a r k .  The DNA w a s  d i g e s t e d
t o  c o m p l e t i o n  w i t h  t h e  t h r e e  en zy m es  d i s c u s s e d  a b o v e ,  and p a s s e d
32
t h r o u g h  a c t i v a t e d  c h a r c o a l .  O nly  P - l a b e l l e d ,  d i m e r - c o n t a i n i n g
32o l i g o n u c l e o t i d e s  w e r e  r e t a i n e d ,  and s o  t h e  amount o f  bound P
r a d i o a c t i v i t y  w a s  r e p r e s e n t a t i v e  o f  t h e  c o n c e n t r a t i o n  o f  p y r i m i d i n e
d i m e r s .  DNA p h o t o l y a s e  a c t i v i t y  w a s  d e t e r m in e d  from  t h e  l o s s  o f  
32
c h a r c o a l - b o u n d  P o l i g o n u c l e o t i d e s  due t o  d im er  m o n o m e r i z a t i o n .
F a r l a n d  and S u t h e r l a n d  ( 1 9 7 9 )  m o d i f i e d  t h e  t e c h n i q u e  t o  m e a s u r e  t h e  
3
r a d i o a c t i v i t y  o f  H - o l i g o n u c l e o t i d e s  bound t o  D E A E - s u b s t i t u t e d  
p a p e r  d i s c s .
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2 . 1 . 5 . 4  RNA P o l y m e r a s e  A s s a y
P y r i m i d i n e  d i m e r s  i n  U V - i r r a d i a t e d  DNA r e d u c e  t h e  t e m p l a t e  
a c t i v i t y  f o r  RNA t r a n s c r i p t i o n  by 33. c o l  1 RNA p o l y m e r a s e  i n  v i t r o .
P i e s s e n s  and  E k e r  ( 1 9 7 5 )  d e m o n s t r a t e d  t h a t  e n z y m a t i c  p h o t o ­
r e a c t i v a t i o n  o f  t h e  d i m e r - c o n t a i n i n g  DNA r e s u l t e d  i n  i n c r e a s e d  
r i b o n u c l e o t i d e  i n c o r p o r a t i o n  i n t o  RNA, and q u a n t i f i e d  t h i s  a s  a n  
a s s a y  f o r  DNA p h o t o l y a s e  a c t i v i t y .
2 . 1 . 5 . 5  U V -E n d o n u c le a s e  A s s a y
T he e x i s t e n c e  o f  n u c l e a s e s  w h ic h  i n t r o d u c e  s i n g l e - s t r a n d  
b r e a k s  a t  t h e  s i t e s  o f  s p e c i f i c  damage h a s  b e e n  r e c o g n i s e d  ( P a t r i c k  
a n d  Harm, 1 9 7 3 ) .  An e x a m p le  i s  t h e  M ic r o c o c c u s  l u t e u s  U V -e n d o -  
n u c l e a s e  w h ic h  i s  s p e c i f i c  f o r  c l s - s y n  p y r i m i d i n e  d im e r s  (Ahmed and  
S e t l c w ,  1 9 7 9 ) .  T he  number o f  p y r i m i d i n e  d im e r s  i n  U V - i r r a d i a t e d  
DNA c a n  be  q u a n t i f i e d  by  t r e a t m e n t  w i t h  t h e  U V - e n d o n u c l e a s e  and  
a n a l y s i s  by a l k a l i n e  g e l - e l e c t r o p h o r e s i s  (A ch ey  e t  a l ,  1 9 7 9 ) .  DNA 
p h o t o l y a s e  a c t i v i t y  c a n  b e  d e t e c t e d  a s  a d e c r e a s e  i n  t h e  number o f  
U V - e n d o n u c l e a s e  s e n s i t i v e  s i t e s  (ESS) i n  U V - i r r a d i a t e d  DNA.
2 . 1 . 6  The P r o p e r t i e s  o f  DNA P h o t o l y a s e s
DNA p h o t o l y a s e  a c t i v i t y  h a s  b e e n  d e t e r m in e d  i n  many o r g a n i s m s  
( S e c t i o n  2 . 1 . 4 ) ,  b u t  much o f  our k n o w le d g e  i s  b a s e d  o n  t h e  
c h a r a c t e r i s a t i o n  o f  p h o t o e n z y m a t i c  r e p a i r  i n  S.. c e r e v i s i a e  ( b a k e r s '  
y e a s t  ) ,  S t r e p t a n y c e s  g r i s e u s , E. c o l i  and human c e l l s .  I t  i s  
p e r t i n e n t  t o  d i s c u s s  t h e s e  s t u d i e s  i n  g r e a t e r  d e t a i l .
2 . 1 . 6 . 1  S a c c h a r a n y c e s  c e r e v i s i a e  enzym e .
S a c c h a r o m y c e s  c e r e v i s i a e  w as  o n e  o f  t h e  f i r s t  o r g a n i s m s  i n  
w h i c h  DNA p h o t o l y a s e  a c t i v i t y  w a s  s t u d i e d  u s i n g  c r u d e  c e l l
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e x t r a c t s .  T h i s  w a s  i n  p a r t  due t o  t h e  r e l a t i v e l y  low  c e l l u l a r  
l e v e l s  o f  n u c l e a s e s  w h ic h  a l l o w e d  t h e  u s e  o f  t h e  t r a n s f o r m i n g  DNA 
a s s a y  ( R u p e r t ,  1 9 6 0 )  a n d  t h e  a d v a n t a g e s  o f  u s i n g  a c o m m e r c i a l l y  
a v a i l a b l e  s o u r c e  o f  b a k e r s '  y e a s t  f o r  l a r g e  s c a l e  p r e p a r a t i o n  o f  
c e l l  e x t r a c t s .
H ow ever ,  p r o b le m s  a p p e a r e d  i n  t h e  p u r i f i c a t i o n  p r o c e d u r e s  
r e s u l t i n g  i n  enzym e p r e p a r a t i o n s  w i t h  a p p a r e n t l y  d i f f e r e n t  
a c t i v i t i e s  an d  s p e c t r a l  p r o p e r t i e s .  T h i s  h a s  l e d  t o  t h e  s u g g e s t i o n  
t h a t  y e a s t  c e l l s  h a v e  m u l t i p l e  p h o t o r e a c t i v a t i n g  e n z y m e s ,  and t h e  
l i t e r a t u r e  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  t h e r e  a r e  tw o  s p e c i e s  o f  
PRE m o l e c u l e s .  B e f o r e  r e v i e w i n g  t h e  i n  v i t r o  p r o p e r t i e s  o f  t h e s e  
e n z y m e s  i t  i s  p e r t i n e n t  t o  d i s c u s s  t h e  _in v i v o  d a t a  w h ic h  a r e  
i n d i c a t i v e  o f  tw o  m o l e c u l e s .
F u k u i  and L a s k o w s k i  ( 1 9 8 4 a , b , 1 9 8 5 )  h a v e  a d d u c e d  i n d i r e c t  
e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  t h r e e  d i s t i n c t  t y p e s  o f  p h o t o l y a s e  
m o l e c u l e s  i n  c e l l s  o f  an  e x c i s i o n - d e f i c i e n t  h a p l o i d  s t r a i n .  U s i n g  
t h e  f l a s h - p h o t o l y s i s  m e th o d  o f  Harm e t  a l .  ( 1 9 7 1 )  t h e y  d e t e r m i n e d  
t h e  number o f  PRE m o l e c u l e s  p e r  c e l l  a f t e r  g r c w th  a t  d i f f e r e n t  
t e m p e r a t u r e s ,  w i t h  or  w i t h o u t  i l l u m i n a t i o n ,  by h o l d i n g  c e l l s  i n  
b u f f e r  w i t h  o r  w i t h o u t  i l l u m i n a t i o n ,  and w i t h  or  w i t h o u t  c y c l o -  
h e x im id e  p r e s e n t .  T h e s e  r e s u l t s  l e d  F u k u i and  L a s k o w s k i  ( 1 9 8 5 )  t o  
c o n c l u d e  t h a t  y e a s t  c e l l s  may c o n t a i n  t h r e e  c l a s s e s  o f  PRE 
m o l e c u l e s ,  RRE^ n o r m a l l y  a c t i v e ?  RREg, n o r m a l ly  i n a c t i v e  b u t  w h ic h  
b e c o m e s  a c t i v a t e d  by p r e - i l l u m i n a t i o n  w i t h  l i g h t  f l a s h e s  o r  by  
b u f f e r - h o i d i n g  i n  t h e  d a r k ,  and RREC w h ic h  r e q u i r e s  b u f f e r  h o l d i n g  
w i t h  c o n t i n u o u s  i l l u m i n a t i o n  f o r  a t  l e a s t  24 h o u r s  t o  becom e  
a c t i v e .  A c t i v a t i o n  o f  EREC w a s  p r e v e n t e d  by c y c l o h e x i m i d e .
J o h n s o n  and H a y n e s  ( 1 9 8 6 a )  d e v e l o p e d  a m e th o d  f o r  a n a l y z i n g  t h e  
k i n e t i c s  o f  s u r v i v a l - e n h a n c e m e n t  by c o n t i n u o u s  i l l u m i n a t i o n  and
20
u s e d  t h i s  t o  c h e c k  t h e  f i n d i n g s  o f  F u k u i  and L a s k o w s k i  ( J o h n s o n  and  
H a y n e s ,  1 9 8 6 b ) .  T h e i r  a n a l y s e s  s u p p o r t e d  t h e  h y p o t h e s i s  t h a t  t h e r e  
a r e  t h r e e  PRE s p e c i e s '  i n  a  s e n s i t i v e  h a p l o i d  s t r a i n .  M a c Q u i l la n  
e t  a l .  ( 1 9 8 1 )  i s o l a t e d  a m u ta n t  o f  j3. c e r e v i s i a e  w h ic h  h a d  a lo w  
c a p a c i t y  f o r  p h o t o r e a c t i v a t i o n  o f  U V - in d u c e d  l e t h a l  dam age . I n  
v i v o  c o m p l e m e n t a t i o n  w a s  sh ow n  i n  c r o s s e s  w i t h  p h r l  s t r a i n s ,  w h i l s t  
t e t r a d  a n a l y s i s  an d  b a c k  c r o s s e s  s u g g e s t e d  t h e  new m u t a t i o n  d e f i n e d  
a s e c o n d  g e n e  p h r 2 , w h ic h  i s  l o o s e l y  l i n k e d  t o  t h e  p h r l  g e n e .
B a k e r s '  Y e a s t  Enzym e I
A p h o t o r e a c t i v a t i n g  en zy m e fr c m  b a k e r s '  y e a s t  w a s  p u r i f i e d  
7 0 , 0 0 0 - f o l d  by M in a to  an d  W e r b in  ( 1 9 7 1 ) ,  t h e  f i n a l  p r e p a r a t i v e  
p r o c e d u r e  b e i n g  c h r a n a t o g r a p h y  on  f a r - U V - i r r a d i a t e d  DNA n o n -  
c o v a l e n t l y  b ou n d  t o  c e l l u l o s e .  The enzym e p r e p a r a t i o n  a b s o r b e d  
n e a r -U V  l i g h t  b e t w e e n  3 5 0  and 4 2 0  nm w i t h  a maximum a b s o r b a n c e  a t  
3 8 0  nm. Maxima a t  3 85 and  4 8 5 - 4 9 0  nm a p p e a r e d  i n  i t s  e x c i t a t i o n  
a n d  f l u o r e s c e n c e  s p e c t r a ,  r e s p e c t i v e l y .  The f l u o r e s c e n t  m a t e r i a l  
w a s  n o t  rem o v ed  f r c m  t h e  en zym e by c h r c m a to g r a p h y  o n  e i t h e r  
h y d r o x y l a p a t i t e  o r  S e p h a d e x  G - 1 0 0 ,  p r o v i d i n g  t h a t  d u r i n g  t h e  l a t t e r  
p r o c e d u r e  t h e  s a l t  c o n c e n t r a t i o n  o f  t h e  b u f f e r  w a s  m a i n t a i n e d  a t  
0 . 4  M. The m o l e c u l a r  w e i g h t  o f  t h e  en zym e, d e t e r m i n e d  by g e l  
f i l t r a t i o n ,  w a s  5 3 , 0 0 0 .  I n  a m o d i f i e d  p u r i f i c a t i o n  p r o c e d u r e  
I w a t s u k i  e t  a l .  ( 1 9 8 0 )  u s e d  a f f i n i t y  c h r a n a t o g r a p h y  w i t h  UV- 
i r r a d i a t e d  DNA s u p p o r t e d  o n  c e l l u l o s e ,  f o l l c w e d  by c h r a n a t o g r a p h y  
o n  a c t i v a t e d  t h i o l - s e p h a r o s e  4B , w h ic h  y i e l d e d  a s i n g l e  p r o t e i n  
b a n d  h a v i n g  a m o l e c u l a r  w e i g h t  o f  5 1 , 0 0 0  when  a n a l y z e d  by sod ium  
d o d e c y l s u l p h a t e  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  Upon 
d e n a t u r a t i o n  by h e a t  o r  8M u r e a ,  o x i d i z e d  f l a v i n  a d e n i n e  
d i n u c l e o t i d e  (FAD) w a s  i s o l a t e d  fr c m  t h e  m i x t u r e  and i d e n t i f i e d  by
21
t h i n - l a y e r  c h r a n a t o g r a p h y .  I n  c o n t r a s t  t o  f l a v o p r o t e i n s  t o  w h ic h  
FAD i s  b o u n d , w h ic h  g e n e r a l l y  e x h i b i t  tw o  a b s o r b a n c e  maxima b e t w e e n  
3 0 0  and 5 0 0  nm, p h o t o l y a s e  h a d  o n l y  one maximum a t  3 8 0  nm. T h e se  
f i n d i n g s ,  and t h e  s i m i l a r  c h a r a c t e r i s t i c s  o f  t h e  a b s o r p t i o n  and  
e m i s s i o n  s p e c t r a  o f  n a t i v e  p h o t o l y a s e  w i t h  t h o s e  o f  f l a v o p r o t e i n s  
i n  w h i c h  t h e  c h r a n o p h o r e  i s  a 4 a ,  5 - r e d u c e d  f l a v i n ,  l e d  t h e  a u t h o r s  
t o  s u g g e s t  t h i s  c o n f i g u r a t i o n  f o r  t h e  p h o t o l y a s e  c h r a n o p h o r e .
S c h i l d  e t  a l .  ( 1 9 8 4 )  i s o l a t e d  a p l a s m i d  c o n t a i n i n g  a 6 
k i l o b a s e - p a i r  (k b p )  i n s e r t  o f  J3. c e r e v i s i a e  DNA i n c l u d i n g  t h e  p h r l  
g e n e .  S u b c l o n i n g  e x p e r i m e n t s  i n d i c a t e d  t h a t  t h e  p h r l  g e n e  w a s  
s i t u a t e d  i n  a 3 . 3  kbp P v u I I  f r a g m e n t  o f  t h i s  i n s e r t .  B o th  S a n c a r
( 1 9 8 5 b )  an d  Y a s u i  and L a n g e v e l d  ( 1 9 8 5 )  h a v e  s u b c l o n e d  t h i s  f r a g m e n t
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a n d  s e q u e n c e d  t h e  p h r l  g e n e .  S a n c a r  ( 1 9 8 5 b )  s e q u e n c e d  a 2301  bp 
r e g i o n ,  and f o u n d  a  s i n g l e  o p e n  r e a d i n g  fr a m e  (ORF) o f  1 6 9 5  b p .
T he s e q u e n c e  o f  t h e  5 6 5  am in o  a c i d  l o n g  p o l y p e p t i d e ,  p r e d i c t e d  fr c m  
t h e  n u c l e o t i d e  s e q u e n c e  w a s  com p ared  w i t h  t h e  s e q u e n c e  o f  E,  c o l  1 
DNA p h o t o l y a s e  d e t e r m i n e d  by  S a n c a r  e t  a l .  ( 1 9 8 4 c ) .  O v e r a l l  t h e  
s e q u e n c e  h a n o l o g y  w a s  3 6 . 5  p e r  c e n t ,  a l t h o u g h  s h o r t  r e g i o n s  n e a r  
t h e  a m in o -  and c a r  b o x y - t e r m  i n i  sh ew ed  s i g n i f i c a n t l y  g r e a t e r  
h a n o l o g y .  Y a s u i  and  L a n g e v e l d  ( 1 9 8 5 )  fo u n d  a s i m i l a r  1 6 9 5  bp  
i n t r o n l e s s  ORF c o d i n g  f o r  a p o l y p e p t i d e  o f  564 am ino a c i d s ,  w h ic h  
g a v e  a  p r e d i c t e d  Mr o f  6 6 , 1 2 3 .  The n u c l e o t i d e  s e q u e n c e  h a d  a G + C 
c o n t e n t  o f  3 6 . 2  p e r  c e n t  co m p a red  w i t h  5 3 . 7  p e r  c e n t  i n  E .  c o l i  DNA 
p h o t o l y a s e  ( S a n c a r  e t  a l . ,  1 9 8 4 c ) .  H ow ever , d e s p i t e  t h e  d i f f e r e n c e  
i n  G + C c o n t e n t ,  t h e  a m in o  a c i d  s e q u e n c e s  o f  t h e  tw o  p h o t o l y a s e s  
w e r e  3 5  p e r  c e n t  h o m o lo g o u s ,  i n  a g r e e m e n t  w i t h  t h e  d a t a  o f  S a n c a r  
( 1 9 8 5 b ) .
B a k e r s '  Y e a s t  Enzyme I I
B o a t w r i g h t  e t  a l .  (1 9 7  5 )  p u r i f i e d  a DNA p h o t o l y a s e  by a f f i n i t y  
c h r o m a t o g r a p h y ,  w h ic h  r a n  a s  a  s i n g l e  com p on en t w h en  a n a l y s e d  by  
e i t h e r  p o l y a c r y l a m i d e  g r a d i e n t  g e l  e l e c t r o p h o r e s i s  o r  s e d i m e n t a t i o n  
v e l o c i t y  t h r o u g h  5 - 2 0  p e r  c e n t  s u c r o s e  g r a d i e n t s  c o n t a i n i n g  0 . 4  M 
KC1. The m o l e c u l a r  w e i g h t s  d e t e r m in e d  by t h e s e  m e th o d s  w e r e
1 3 0 . 0 0 0  and 1 3 6 , 0 0 0 ,  r e s p e c t i v e l y .  Two b a n d s  w e r e  r e s o l v e d  o n  
so d iu m  d o d e c y l  s u l p h a t e  p o l y a c r y l a m i d e  g e l s ,  c o r r e s p o n d i n g  t o  
m o l e c u l a r  w e i g h t s  o f  6 0 , 0 0 0  and 8 5 , 0 0 0 ,  w h i l s t  s u c r o s e  g r a d i e n t  
s e d i m e n t a t i o n  i n  t h e  p r e s e n c e  o f  1 . 0  M KC1 r e v e a l e d  p o l y p e p t i d e s  o f
5 4 . 0 0 0  and 8 2 , 5 0 0  i n  t h e  f r a c t i o n s  c o l l e c t e d .  B o a t w r i g h t  e t  a l .  
( 1 9 7 5 )  c o n c l u d e d  t h a t  t h e  enzym e c o n s i s t e d  o f  tw o  d i s s i m i l a r  
s u b u n i t s ,  w h ic h  w h en  m ix e d  t o g e t h e r  r e s u l t e d  i n  a t i m e - d e p e n d e n t  
i n c r e a s e  i n  p h o t o l y a s e  a c t i v i t y ,  i n d i c a t i n g  t h a t  an  a c t i v e  enzym e  
c o u l d  be  r e g e n e r a t e d  fr c m  t h e s e  s u b u n i t s .  T h i s  p u r i f i e d  en zym e d i d  
n o t  show a b s o r b a n c e  o f  l i g h t  i n  t h e  p h o t o r e a c t i v a t i n g  w a v e l e n g t h  
r a n g e ,  b u t  d i d  shew  an  e x c i t a t i o n  maximum a t  3 5 8  nm f o r  a  
f l u o r e s c e n c e  e m i s s i o n  maximum a t  4 4 0  nm. When e n h a n c e m e n t  o f  p h o t o ­
l y a s e  a c t i v i t y  w a s  u s e d  a s  a n  a s s a y ,  a c t i v a t o r s  o f  t h e  enzym e  
a c t i v i t y  w e r e  i s o l a t e d  from  a c i d i f i e d  c e l l - f r e e  e x t r a c t s  o f  y e a s t  
(M adden e t  a l . ,  1 9 7 6 ;  W e r b in  and Madden, 1 9 7 7 ) .  The p h o t o l y a s e  
a c t i v i t y  w as  e n h a n c e d  by  a compound r e f e r r e d  t o  a s  A c t i v a t o r  I I I ,  
w h i c h  e m i t t e d  a t  3 5 0  and 4 4 0  nm when e x c i t e d  a t  2 9 0  nm, and e m i t t e d  
a t  4 4 0  nm w hen e x c i t e d  a t  3 5 8  nm. A f t e r  a c i d  h y d r o l y s i s ,  e m i s s i o n  
w a s  p r o d u c e d  o n l y  by  e x c i t a t i o n  a t  3 5 8  ran, i n d i c a t i n g  t w o  s e p a r a t e  
c h r c m o p h o r ic  m o i e t i e s .  M aximal en h a n cem en t  o f  t h e  p h o t o l y a s e  
a c t i v i t y  w a s  o b t a i n e d  from  a p p r o x i m a t e l y  e q u im o la r  a m o u n ts  o f  
en zym e and A c t i v a t o r  I I I  s u g g e s t i n g  t h a t  t h e  l a t t e r  may b e  t h e  
c h r a n o p h o r e  o f  t h e  en zy m e , b u t  t h e i r  e x c i t a t i o n  s p e c t r a  do n o t
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r e f l e c t  t h e  a c t i o n  s p e c t r u m  f o r  e n z y m a t i c  p h o t o r e a c t i v a t i o n  (Harm, 
1 9 7 5 ) ,  H o w ev er ,  t h i s  m u st  be w e i g h e d  a g a i n s t  t h e  r e l a t i v e  c e l l u l a r  
r o l e s  o f  t h e  tw o  e n z y m e s  i d e n t i f i e d ,  w h ic h  i s  a t  p r e s e n t  n o t  known.
K i n e t i c s  o f  D im er M o n a n e r l z a t i o n  By Y e a s t  DNA P h o t o l y a s e
T he r e l a t i v e  e a s e  w i t h  w h ic h  p h o t o l y a s e  a c t i v i t y  c o u l d  be  
i s o l a t e d  f r c m  c e l l - f r e e  e x t r a c t s  h a s  r e s u l t e d  i n  a f u l l  
c h a r a c t e r i z a t i o n  o f  t h e  _in v i t r o  r a t e  c o n s t a n t s  a s s o c i a t e d  w i t h  
t h e  r e a c t i o n  sc h e m e  d e s c r i b e d  by E q u a t i o n  1 ,  p r o p o s e d  by R u p e r t  
( 1 9 6 2 a , b ) .
Much o f  t h e  w o r k  h a s  b e e n  d on e  by t h e  f l a s h - p h o t o l y s i s  m e th o d  
d e v e l o p e d  a n d  r e v i e w e d  by  Harm e t  a l .  ( 1 9 7 1 ) .  The im p o r t a n c e  o f  
t h e  t e c h n i q u e  i n  t h e  s t u d y  o f  e n z y m a t i c  p h o t o r e a c t i v a t i o n  m e r i t s  
f u r t h e r  d i s c u s s i o n  a t  t h i s  j u n c t u r e .  I t  i s  b a s e d  u p o n  t h e  
o b s e r v a t i o n  t h a t  t h e  l i g h t - d e p e n d e n t  s t e p  i s  p r e c e d e d  by a  l i g h t -  
i n d e p e n d e n t  s t e p  d u r i n g  w h i c h  t h e  enzym e i n t e r a c t s  w i t h  t h e  
p y r i m i d i n e  d im e r  s u b s t r a t e  t o  form  an  e n z y m e - s u b s t r a t e  [ES]  
c o m p l e x .  Harm e t  a l .  ( 1 9 7 1 )  fo u n d  t h a t  a  s i n g l e  i n t e n s e  f l a s h  o f  
p h o t o r e a c t i v a t i n g  l i g h t  o f  m i l l i s e c o n d  d u r a t i o n  w a s  s u f f i c i e n t  t o  
p e r m i t  p h o t o r e a c t i v a t i o n  o f  a l l  t h e  [E S] c o m p l e x e s  e x i s t i n g  a t  t h a t  
t i m e .  The number o f  [E S] c o m p l e x e s  c a n  be e s t i m a t e d  by  m e a s u r in g
k
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t h e  d i s a p p e a r a n c e  o f  p y r i m i d i n e  d i m e r s ,  w h ic h  c a n  b e  c o n v e n i e n t l y  
d e t e r m i n e d  f r a n  t h e  i n c r e a s e d  s u r v i v a l  o f  U V - i r r a d i a t e d  b a c t e r i a  or  
'p h a g e ,  or  t h e  i n c r e a s e d  a c t i v i t y  o f  U V - i r r a d i a t e d  t r a n s f o r m i n g  
DNA. T h i s  b i o l o g i c a l  e f f e c t  c a n  be e x p r e s s e d  q u a n t i t a t i v e l y  by t h e  
p a r a m e t e r  A d ( t h e  d i f f e r e n c e  b e t w e e n  t h e  UV f l u e n c e  D a c t u a l l y  
a p p l i e d  and  a s m a l l e r  UV f l u e n c e  D' t h a t  w o u ld  h a v e  l e d  t o  t h e  same  
s u r v i v a l  w i t h o u t  s u b s e q u e n t  p h o t o r e a c t i v a t i o n )  ( F i g .  7 ) .
^U V  + Flash
S/ S o UV
A D
F l u e n c e
F i g u r e  7 . D e r i v a t i o n  o f  t h e  p a r a m e te r  A D .
T h e r e f o r e ,  AD r e f l e c t s  t h e  amount o f  r a d i a t i o n  w h ic h  i s  
r e v e r s e d  by a s i n g l e  l i g h t  f l a s h .  Under c o n d i t i o n s  i n  w h ic h  t h e  
s u b s t r a t e  i s  i n  e x c e s s  o f  t h e  en zym e, and h e n c e  a l l  enzym e  
m o l e c u l e s  a r e  c o m p le x e d ,  t h e  m axim al l e v e l  o f  A d  o b t a i n e d  by a 
s i n g l e  l i g h t  f l a s h  i s  a  m e a s u r e  o f  t h e  maximum number o f  DNA 
p h o t o l y a s e  m o l e c u l e s .  S i m i l a r l y ,  when l i g h t  f l a s h e s  a r e  g i v e n  i n  
r a p i d  s e q u e n c e  o n l y  a fe w  e n z y m e - s u b s t r a t e  c o m p l e x e s  c a n  be fo r m e d  
b e t w e e n  f l a s h e s  an d  s o  t h e  c o n c e n t r a t i o n  o f  f r e e  enzym e (E ) i s  
r o u g h l y  c o n s t a n t  an d  a p p r o x i m a t e l y  e q u a l  t o  t h e  c o n c e n t r a t i o n  o f  
t h e  en zy m e .
T he r a t e  o f  [E S] c o m p l e x  f o r m a t i o n  i s  d e s c r i b e d  by t h e  
e q u a t i o n :
d [ E S 5 / a t  “  Ki [ E ] t s ]  '  k 2 IES1 " - 2
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As d e s c r i b e d  a b o v e ,  [E ]  i s  a p r o x im a t e d  t o  [ E ] o ,  t h e  i n i t i a l  
en zy m e  c o n c e n t r a t i o n . /  k ^ tE S ]  i s  n e g l i g i b l y  s m a l l  and d [E S ]  i s  
r e p l a c e d  b y  - d [ S ] ,  t h e  c h a n g e  i n  s u b s t r a t e  c o n c e n t r a t i o n ,
~dI S1 / a t  = ^ l o i s ]  . . . 3
‘ d [ S 1 / [ s ]  '  k i ' E >a t
[ S % , o  '
[ S i t
w h e r e  ^ [ S ] o  t *i e  e x P e r i m en ta H y  d e t e r m i n e d  v a l u e  o f  
A D  *
( 1 -  / A D  ) ,  w i t h  [ S ] t  = s u b s t r a t e  c o n c e n t r a t i o n  a t  t i m e  t  and  max ' L J
[ S ] o  = s t a r t i n g  s u b s t r a t e  c o n c e n t r a t i o n .  I n  t h i s  i n s t a n c e  AD i s  
t h e  f l u e n c e  r e d u c t i o n  o b t a i n e d  a f t e r  p h o t o r e a c t i v a t i o n  f o r  t i m e  t ,  
and  ADmax c o r r e s p o n d s  t o  c o m p l e t e  p h o t o r e a c t i v a t i o n  { [ S ] t  = 0 ) .
T h i s  a n a l y s i s  a s s u m e s  t h a t  p y r i m i d i n e  d im e r s  a r e  p r o d u c e d  i n  
p r o p o r t i o n  t o  t h e  UV f l u e n c e  and t h a t  a l l  p h o t o r e p a i r a b l e ,  i n a c t ­
i v a t i n g  p h o t o p r o d u c t s  c o n t r i b u t e  w i t h  e q u a l  p r o b a b i l i t y  t o  t h e  
d e c r e a s e  i n  s u r v i v a l ,  and t h a t  t h e i r  p h o t o r e p a i r  c o n t r i b u t e s  t o  t h e
i n c r e a s e  i n  s u r v i v i n g  f r a c t i o n  w i t h  e q u a l  p r o b a b i l i t y .  The k^
7 - 1  - 1v a l u e  f o r  y e a s t  en zy m e i n  v i t r o  i s  6 x  1 0  L .m o l  . s  a t  r o a n
12
t e m p e r a t u r e  (Harm and R u p e r t ,  1 9 6 8 ) ,  b a s e d  o n  1 . 5  x  1 0  m o l e c u l e s
- 9  - 1p e r  m l or  2 . 5  x  1 0  m o l .L  . The r a t e  c o n s t a n t  k^ w a s  d e t e r m i n e d  
b y i n t r o d u c i n g  a n  e x c e s s  o f  UV i r r a d i a t e d  c o m p e t i n g  DNA w h ic h  w a s  
n o t  m e a s u r e d  by  t h e  H. i n f l u e n z a e  t r a n s f o r m i n g  a s s a y .  The HIE 
m o l e c u l e s  w h i c h  d i s s o c i a t e d  f r o n  t h e  t r a n s f o r m i n g  DNA becam e  
c o m p le x e d  w i t h  t h e  c o m p e t i n g  DNA. T h e r e f o r e ,  t h e  d e c r e a s e  i n  t h e  
number o f  [E S ]  c o m p l e x e s  w a s  m e a s u r e d  a s  a  d e c r e a s e  i n  b i o l o g i c a l  
e f f e c t  by a  s i n g l e  l i g h t  f l a s h .  Harm and R u p e r t  ( 1 9 6 8 )  d e t e r m i n e d
- 2  - 3  - 1v a l u e s  o f  1 0  t o  1 0  s  f o r  k^ r e s u l t i n g  i n  a d a r k  e q u i l i b r i u m
f o r  [E S] f o r m a t i o n  o f  a p p r o x i m a t e l y  1 0 1 0  L .m o l  1 r i n d i c a t i n g  t h a t
t h e  c o m p le x  i s  v e r y  s t a b l e  i n  t h e  d a r k .  Harm and R u p e r t  ( 1 9 7 0 a )
d e t e r m i n e d  t h e  e f f e c t  o f  t e m p e r a t u r e  on  t h e  [ES] c o m p le x  f o r m a t i o n
r e a c t i o n  JLn v i t r o , w h ic h  w h en  e x p r e s s e d  b y  t h e  A r r h e n i u s
r e l a t i o n s h i p  g a v e  v a l u e s  o f  1 . 6  x  1 0 14 L .m o l” 1 . s e c - 1  f o r  t h e
f r e q u e n c y  f a c t o r  and a n  a c t i v a t i o n  e n e r g y  (E ^ ) o f  9 . 3  k c a l . m o l  1
f o r  t h e  f o r w a r d  r e a c t i o n  ( k ^ ) .  The c o n c e n t r a t i o n  r a t i o  k j / k2
sh e w e d  t w o  m axima a t  i o n i c  s t r e n g t h s  o f  0 . 1 2  and 0 . 1 8 .
T he p h o t o l y t i c  r a t e  c o s t a n t  k^ ( e q u a t i o n  1 )  f o r  t h e  p h o t o l y s i s
o f  p y r i m i d i n e  d im e r s  fr c m  t h e  [ES] c o m p le x  c a n  be e x p r e s s e d  b y  t h e
p r o d u c t  k p l ,  w h e r e  I  i s  t h e  i n t e n s i t y  o f  t h e  p h o t o r e a c t i v a t i n g
l i g h t  and  k^ i s  t h e  ' p h o t o l y t i c  c o n s t a n t * .  Under c o n d i t i o n s  w h e r e
a l l  t h e  a v a i l a b l e  s u b s t r a t e  i s  c o m p le x e d  ( a c h i e v e d  by h a v i n g  e x c e s s
P R E ), t h e  a p p l i c a t i o n  o f  l i g h t  r e s u l t s  i n  t h e  l o s s  o f  [E S ]
c o m p l e x e s  a s  a  f u n c t i o n  o f  l i g h t  f l u e n c e  ( L ) .  T h e r e f o r e : -
[ E S ] / [E S ]o  = e kpL . . . 6L
Harm and R u p e r t  ( 1 9 7 0 b )  s u g g e s t e d  t h a t  t h e  p a r a m e t e r  k^ i s  a
m e a s u r e  o f  t h e  e f f i c i e n c y  o f  t h e  u s e  o f  l i g h t  i n  t h e  r e a c t i o n  and
r e f l e c t s  t h e  e x t e n t  t o  w h i c h  c o m p le x e s  a b s o r b  i n c i d e n t  p h o t o n s
( m o la r  e x t i n c t i o n  c o e f f i c i e n t ,  e  ) and  t h e  p r o b a b i l i t y  w i t h  w h ic h  an
a b s o r b e d  p h o t o n  l e a d s  t o  m o n o m e r i z a t i o n  o f  a d im er  (quantum  y i e l d ,
<f)). A t  t h e  o p t i m a l  w a v e l e n g t h  f o r  p h o t o r e a c t i v a t i o n ,  3 5 5 - 3 8 5  nm,
4 - 1  - 1k w a s  f o u n d  t o  be a p p r o x i m a t e l y  1 0  L .m o l  .cm • The a u t h o r s  
P
p o s t u l a t e d  t h a t  i t  w a s  u n l i k e l y  t h a t  t h e  quantum  y i e l d  w o u l d  be
l e s s  t h a n  1 0  1 , h e n c e  t h e  a b s o r p t i o n  o f  l i g h t  and i t s  u s e  i n  d im er
monomer i z a t i o n  m u st  be v e r y  e f f i c i e n t .  T h e r e  w a s  n o  i o n i c  s t r e n g t h
e f f e c t  o n  k .
P
U s i n g  t h e  f l a s h  p h o t o l y s i s  m e th o d ,  F u k u i  e t  a l .  (1 9 7  8 ) fo u n d
t h a t  t h e  number o f  PRE m o l e c u l e s  i n  a s t a t i o n a r y  p h a s e  c u l t u r e  o f  
an  e x c i s i o n - d e f e c t i v e  s t r a i n  c e r e v i s i a e  XS 7 7 4 - 6 A  (O fr a d  1 - 1 )  
w a s  a p p r o x i m a t e l y  1 8 0  p e r  c e l l ,  b u t  d e c r e a s e d  t o  30  p e r  c e n t  o f  
t h a t  v a l u e  i n  t h e  l o g a r i t h m i c  p h a s e .  S i m i l a r l y ,  F u k u i  e t  a l .
( 1 9 8 1 )  u s e d  l i g h t - f l a s h  a n a l y s i s  t o  d e t e r m i n e  t h e  r a t e  c o n s t a n t  
( k 1 ) f o r  f o r m a t i o n  o f  t h e  [ES] c o m p le x  an d  i t s  a c t i v a t i o n  e n e r g y  
te r m  i n  v i v o . A t 3 0 ° C ,  k^ w a s  1 . 1  x  1 0 5 L .m o l  1 . s e c  a s s u m in g  a 
n u c l e a r  v o lu m e  o f  3 x  1 0  L . The r a t e  c o n s t a n t  k^ showed  
p o s i t i v e  t e m p e r a t u r e - d e p e n d e n c e ,  a s  d e s c r i b e d  by  t h e  A r r h e n i u s  
e x p r e s s i o n  w i t h  an a c t i v a t i o n  e n e r g y  o f  1 1 . 8  k c a l . m o l  i n  
r e a s o n a b l e  a g r e e m e n t  w i t h  t h e  f i g u r e  o f  9 . 3  k c a l . m o l  * d e t e r m i n e d  
by Harm and R u p e r t  ( 1 9 7 0 a )  i n  v i t r o .
U s i n g  t h e  same h a p l o i d  e x c i s i o n - r e p a i r - d e f e c t i v e  s t r a i n ,  F u k u i
and L a s k o w s k i  ( 1 9 8 4 a )  fo u n d  t h a t  t h e  number o f  PRE m o l e c u l e s  i n
c e l l s  grew n  a t  3 7 °  w a s  a b o u t  13 p e r  c e n t  o f  t h a t  g rew n  a t  2 3 °C,
a l t h o u g h  t h e  t o t e d  amount o f  p r o t e i n  p e r  c e l l  r e m a in e d  t h e  sam e.
I n  a d d i t i o n ,  t h e y  fo u n d  t h e  number o f  PRE m o l e c u l e s  i n  c e l l s  grew n
i n  l i g h t  c o n d i t i o n s  w a s  a b o u t  2 . 8 - f o l d  g r e a t e r  t h a n  t h o s e  grew n  i n
t h e  d a r k ,  b u t  t h e  number o f  PRE m o l e c u l e s  i n  c e l l s  grew n  i n  t h e
l i g h t  d e c r e a s e d  m ore  r a p i d l y  d u r i n g  h o l d i n g  i n  b u f f e r  i n  t h e  d a rk
t h a n  i n  t h e  l i g h t .  They  c o n c l u d e d  t h a t  c e l l s  h a v e  s t a b l e  a s  w e l l
a s  u n s t a b l e  PRE m o l e c u l e s  and  t h a t  t h e  p e r c e n t a g e  o f  u n s t a b l e  PRE
m o l e c u l e s  grow n i n  t h e  l i g h t  i s  l a r g e r  t h a n  i n  c e l l s  grow n i n  t h e
d a r k  an d  t h a t  l i g h t  h a s  a s t a b i l i z i n g  e f f e c t  o n  PRE m o l e c u l e s .
F u r t h e r m o r e ,  F u k u i  and  L a s k o w s k i  ( 1 9 8 4 b )  r e p o r t e d  t h e  f l u e n c e
d e c r e m e n t  A d o b t a i n e d  by on e  h i g h - i n t e n s i t y  f l a s h  becam e l a r g e r  
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w h e n  d a r k - g r e w n  c e l l s  w e r e  p r e - i l l u m i n a t e d  w i t h  l i g h t  f l a s h e s  p r i o r  
t o  U V - i r r a d i a t i o n .  They  s u g g e s t e d  t h a t  t h e r e  e x i s t e d  PRE m o l e c u l e s  
i n  y e a s t  c e l l s  w h ic h  may o c c u r  i n  a n  a c t i v e  c o n d i t i o n  a s  w e l l  a s  an
i n a c t i v e  c o n d i t i o n ,  b u t  t h a t  t h e  l a t t e r  b ecom e a c t i v e  a f t e r  
p r e - i l l u m i n a t i o n .  Harm and R u p e r t  (1 9 7 6 )  r e p o r t e d  a s i m i l a r  
o b s e r v a t i o n  w i t h  a y e a s t  PRE JLn v i t r o . A s e m i - c r u d e  e x t r a c t  o r  
h i g h l y  p u r i f i e d  fo r m  o f  t h e  y e a s t  enzym e sh ow ed  i n c r e a s e d  a c t i v i t y  
i f  i t  w a s  i l l u m i n a t e d  w i t h  n ear-U V  or  s h o r t - w a v e  v i s i b l e  l i g h t  
p r i o r  t o  i t s  u s e  i n  t h e  t r a n s f o r m i n g  DNA a s s a y .  T he a c t i o n  
s p e c t r u m  f o r  p r e - i l l u m i n a t i o n  h a d  a maximum i n  t h e  3 5 5 - 3  85 rm 
r e g i o n ,  b u t  w a v e l e n g t h s  up t o  546 nm w e r e  a l s o  e f f e c t i v e .  P r e ­
i l l u m i n a t e d  en zy m e w a s  m ore  s t a b l e  t o  t h e r m a l  i n a c t i v a t i o n  a t  65°C  
t h a n  u n t r e a t e d  e n z y m e ,  b u t  t h e  l i g h t - i n d u c e d  a c t i v a t i o n  w a s  s l o w l y  
l o s t  by d a r k  s t o r a g e .  H o w ev er ,  t h e  e f f e c t  c o u l d  b e  r e c o v e r e d  
r e p e a t e d l y  by r e n e w e d  p r e - i l l u m i n a t i o n .  Harm ( 1 9 7 9 )  sh e w e d  t h a t  
w i t h  [ES] c o m p l e x e s  fo r m e d  f r c m  n o n - p r e - i l l u m i n a t e d  PRE t h e  r e p a i r  
p r o b a b i l i t y  p e r  i n c i d e n t  p h o t o n  w a s  o n l y  25  p e r  c e n t  o f  t h a t  i n  
c o m p l e x e s  fo r m e d  f r c m  p r e - i l l u m i n a t e d  PRE. H ow ever , t h e  r e p a i r  
p r o b a b i l i t y  i n c r e a s e d  t o  g r e a t e r  t h a n  5 0  p e r  c e n t  i f  a  h i g h -  
i n t e n s i t y  f l a s h  w a s  g i v e n .  Harm ( 1 9 7 9 )  s u g g e s t e d  a  ' t w o -  p h o t o n  
p h o t o l y s i s '  t h e o r y  i n  w h i c h  t h e  r e p a i r  p r o b a b i l i t y  p e r  i n c i d e n t  
p h o t o n  i n c r e a s e s  i f  tw o  o r  m o re  p h o t o n s  a r e  a b s o r b e d  w i t h i n  a  
m i l l i s e c o n d  t i m e  p e r i o d ;  t h e  f i r s t  a b s o r p t i o n  y i e l d s  a  m e t a s t a b l e  
e x c i t e d  s t a t e  o f  t h e  c o m p le x ,  d u r i n g  w h ic h  t h e  r e p a i r  p r o b a b i l i t y  
i s  i n c r e a s e d  by a b s o r p t i o n  o f  a n o t h e r  p h o t o n .
2 . 1 . 6 . 2  S t r e p t c m y c e s  q r i s e u s  Enzyme
E k er  and F i c h t i n g e r - S h e p m a n  ( 1 9 7 5 )  h a v e  d e s c r i b e d  t h e  
i s o l a t i o n  o f  a DNA p h o t o l y a s e  from  g r i s u e s . The enzym e h a d  a  
m o l e c u l a r  w e i g h t  o f  4 3 , 0 0 0  and a p p e a r e d  t o  c o n s i s t  o f  a  s i n g l e  
p r o t e i n  c h a i n  ( E k e r ,  1 9 7 8 ) .  An o p t i m a l  pH o f  7 . 0 ,  an  o p t i m a l  i o n i c  
s t r e n g t h  o f  0 . 0 4 ,  and a n  i s o e l e c t r i c  p o i n t  a t  pH 4 . 7  w e r e  fo u n d
( E k e r ,  197 8 ) .  The enzym e c o n s i s t s  o f  a  h i g h  m o l e c u l a r  w e i g h t
p r o t e i n  and  a l e w  m o l e c u l a r  w e i g h t  ch ro m o p h o re  w h i c h  c a n  be
r e l e a s e d  by  h e a t  d e n a t u r a t i o n .  The ch ro m o p h o re  h a s  a n  a b s o r p t i o n
maximum a t  4 2 0  nm and a f l u o r e s c e n c e  e m i s s i o n  maximum a t  4 6 0  nm
up on  e x c i t a t i o n  a t  4 0 0  nm ( E k e r ,  1 9 8 0 ) .  H ow ever ,  t h e  f l u o r e s c e n c e
i s  a l m o s t  c o m p l e t e l y  q u e n c h e d  w h en  t h e  ch ro m o p h o re  i s  bound t o
n a t i v e  en zy m e , b u t  an  a d d i t i o n a l  a b s o r p t i o n  band a t  4 4 5  nm i s
o b s e r v e d  ( E k e r ,  1 9 8 0 ) .  D e p e n d in g  o n  t h e  pH, a b s o r p t i o n  maxima w e r e
f o u n d  a t  4 2 0  (pH 8 . 3 ) ,  3 96 (pH 5 . 2 )  and  375  nm (pH 1 ) .  T h e s e
s p e c t r a  w e r e  f o u n d  t o  b e  v e r y  s i m i l a r  t o  t h e  s p e c t r a  o f  t h e
s u b s t a n c e  o f  SF 4 2 0  (E k e r  e t  a l . ,  1 9 8 1 ) .  Eker e t  a l .  ( 1 9 8 1 )
c o n c l u d e d  t h a t  t h e  c o f a c t o r  o f  g r i s e u s  ERE i s  a  7 , S - d i d e r a e t h y l -
S - h y d r o x y - S - d e a z a f l a v i n  d e r i v a t i v e .  SF420 a l o n e  s e n s i t i z e d  t h e
s p l i t t i n g  o f  t h y m in e  d im e r s  w h en  i r r a d i a t e d  w i t h  b l u e  l i g h t ,
s u p p o r t i n g  t h e  s t r u c t u r e  p r o p o s e d  f o r  t h e  PRE c o f a c t o r .  E ker
(1 9  8 5 )  h a s  s u g g e s t e d  t h a t  t h e  enzym e h a s  an  e s s e n t i a l  a r g i n i n e
r e s i d u e  b a s e d  o n  t h e  i n h i b i t i o n  o f  PRE a c t i v i t y  by b u t a n e - 2 , 3 -
d i o n e .  H o w ev er ,  U V - i r r a d i a t e d  DNA p r o t e c t e d  t h e  enzym e a g a i n s t
i n a c t i v a t i o n ,  a s  d i d  n o n - i r r a d i a t e d  DNA a t  h i g h e r  c o n c e n t r a t i o n s ,
i n d i c a t i n g  th a t - P R E  c a n  fo rm  n o n - s p e c i f i c  c o m p l e x e s .  U s i n g  t h e  H.
i n f l u e n z a e  t r a n s f o r m a t i o n  a s s a y ,  Eker e t  a l .  ( 1 9 8 6 )  h a v e  d e t e r m in e d
a n  a c t i o n  s p e c tr u m  f o r  t h e  en zy m e . A h i g h  s i m i l a r i t y  w a s  n o t e d
b e t w e e n  t h e  a c t i o n  s p e c tr u m  (max a t  4 4 5  nm) and t h e  l o n g  w a v e l e n g t h
a b s o r p t i o n  band (max a t  443  nm) o f  t h e  PRE. I n  a d d i t i o n  t o  t h e  4 0 0
t o  4 7 0  nm r e g i o n ,  c o n s i d e r a b l e  e n z y m a t i c  p h o t o r e a c t i v a t i o n  w a s
f o u n d  b e t w e e n  2 8 0  and 3 2 0  nm. No p h o t o r e a c t i v a t i o n  w a s  fo u n d  a b o v e
8 -1  -15 0 0  nm. K i n e t i c  s t u d i e s  y i e l d e d  v a l u e s  o f  2 . 1  x  1 0  L .m o l  . s  
f o r  t h e  d a r k  c o m p l e x a t i o n  o f  t h e  enzym e w i t h  t h e  s u b s t r a t e  (k ^ )  and  
0 . 4  8 s  ^ f o r  t h e  d i s s o c i a t i o n  r a t e  c o n s t a n t  (k ^ ) (E k e r  e t  a l . , 1 9 8 6 ) .
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2 . 1 . 6 . 3  E s c h e r i c h i a  c o l i  Enzyme
A l t h o u g h  JE. c o l i  w a s  t h e  f i r s t  o r g a n is m  i n  w h i c h  DNA p h o t o ­
l y a s e  a c t i v i t y  w a s  d e m o n s t r a t e d  i n  v i t r o  ( R u p e r t  e t  a l ,  1 9 5 8 ) ,  t h e  
h i g h  c e l l u l a r  n u c l e a s e  a c t i v i t i e s  made p u r i f i c a t i o n  o f  t h e  enzym e  
d i f f i c u l t .  Thus much o f  t h e  e a r l y  c h a r a c t e r i s a t i o n  w a s  o f  t h e  i n  
v i v o  p r o c e s s  u s i n g  t h e  f l a s h  p h o t o l y s i s  m e th o d  r e v i e w e d  by Harm e t  
a l .  ( 1 9 7 1 ) .
Harm e t  a l .  (1 9 6  8 )  e s t i m a t e d  t h e  number o f  PRE m o l e c u l e s  p e r
c e l l  t o  be 2 0  i n  E .  c o l i  B g u s i n g  t h e  f i g u r e  o f  65  p y r i m i d i n e
2
d im e r s  p e r  gen cm e p e r  erg/m m  i n c i d e n t  a t  25 4  ran. The r a t e
c o n s t a n t  k^ f o r  t h e  c o m p l e x a t i o n  o f  t h e  enzym e w i t h  t h e  s u b s t r a t e
w a s  f o u n d  t o  b e  1 . 1  x  10^  L .m o l  ^ . s  \  w h i l s t  t h e  d i s s o c i a t i o n
r a t e  c o n s t a n t  o f  t h e  e n z y m e - s u b s t r a t e  c o m p le x  i n  t h e  d a rk  ( k 2 ) w as  
- 3  - 11 . 9  x  1 0  s  ; d e t e r m i n e d  by  i n f e c t i o n  o f  c e l l s  w i t h  i r r a d i a t e d
b a c t e r i o p h a g e  T1 and t h e n  i r r a d i a t i n g  t h e  i n f e c t e d  c e l l s  (Harm,
1 9 7 0 ) .  A t t h e  m o s t  e f f e c t i v e  w a v e l e n g t h  (3 8 5  ran), t h e  p r o d u c t €</>
* io *  - 1  - 1w a s  f o u n d  t o  b e  2 . 4  L .m o l  . s  . B o th  k^ and k 2 show ed
o  ot e m p e r a t u r e - d e p e n d e n c e  o v e r  t h e  r a n g e  5 t o  37 C, r e s u l t i n g  i n  an
a c t i v a t i o n  e n e r g y  o f  1 1  k c a l . m o l  ^ f o r  k^ d e r i v e d  f r a n  t h e
A r r h e n i u s  r e l a t i o n s h i p  (Harm, 1 9 7 0 ) .  T y r r e l l  and D a v i e s  ( 1 9 7 4 )
i n v e s t i g a t e d  PR k i n e t i c s  i n  t h e  U V - s e n s i t i v e  m u ta n t  K -12  AB2480 and
f o u n d  t h e  p h o t o r e a c t i v a b l e  s e c t o r  t o  be  0 . 8 2  ( d e f i n e d  a s
( l - [  l / k 2 ] ) w h e r e  k^ i s  t h e  UV i n a c t i v a t i o n  c o n s t a n t  and  k 2 i s  t h e
i n a c t i v a t i o n  c o n s t a n t  a f t e r  maximum P R ).  D e v e l o p i n g  t h e  ( 1 - P )
m eth o d  o f  a n a l y s i s ,  T y r r e l l  and  D a v i e s  ( 1 9 7 4 )  e s t i m a t e d  t w o
d i f f e r e n t  r a t e  p r o c e s s e s  i n v o l v e d  i n  p h o t o e n z y m a t i c  r e p a i r .  They
fo u n d  t h a t  a p p r o x i m a t e l y  5 0  p e r  c e n t  o f  t h e  l e s i o n s  w e r e  r e p a i r e d
a t  a f a s t e r  r a t e ,  t h e  e x p o n e n t i a l  r a t e  c o n s t a n t  ^£a s t  b e i n g  7 . 9  x  
- 3  - 11 0  s  S a t u r a t i n g  i r r a d i a n c e  c o n d i t i o n s  f o r  t h i s  f a s t e r
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- 2com p on en t  o f  t h e  p r o c e s s  w e r e  r e a c h e d  a t  a p p r o x i m a t e l y  6 0  erg.m m
- 1  -2
s  (6  Wm ) ,  u s i n g  b r o a d - b a n d  p h o t o r e a c t i v a t i n g  l i g h t .  The  
t e m p e r a t u r e - d e p e n d e n c e  o f  r e s u l t e d  i n  a n  a c t i v a t i o n  e n e r g y  o f
9 k c a l . m o l  \  com p ared  w i t h  1 1  k c a l . m o l  ^ m e a su r e d  by Harm ( 1 9 7 0 )  
u s i n g  E . c o l i  Bg T y r r e l l  e t  a l .  ( 1 9 7 2 )  s t u d i e d  t h e  number o f  
PRE m o l e c u l e s  i n  AB24 80  a s  a f u n c t i o n  o f  t h e  s t a g e  o f  g r o w t h .  They  
f o u n d  t h a t  c e l l s  h a v e  a minimum number o f  ERE m o l e c u l e s  i n  e x p o ­
n e n t i a l  p h a s e  w h i c h  r i s e s  t o  a maximum i n  l a t e  s t a t i o n a r y  p h a s e .  
H o w ever , t h i s  w a s  n o t  a t t r i b u t a b l e  t o  a c h a n g e  i n  t h e  p h o t o -  
r e a c t i v a b l e  s e c t o r .  I n  a d d i t i o n ,  T y r r e l l  (1 9 7  3 b )  h a s  shew n t h a t  
p r o d u c t i o n  o f  PRE m o l e c u l e s  i n  K-12 s t r a i n s  o f  E . c o l l  i s  
s u p p r e s s e d  u n d e r  a n a e r o b i c  g r o w th  c o n d i t i o n s ,  b u t  t h e  number o f  PRE 
m o l e c u l e s  e s t i m a t e d  by  f l a s h - p h o t o l y s i s  c o u l d  n o t  be r e d u c e d  b e lo w  
an  a v e r a g e  o f  o n e  p e r  c e l l .
Harm ( 1 9 6 9 )  i s o l a t e d  a PRE o v e r p r o d u c i n g  s t r a i n  15. c o l l  
B g ^ - 1 6 0 ,  by n i t r o s o g u a n i d i n e  m u t a g e n e s i s  o f  B g and e s t i m a t e d
t h e  number o f  PRE m o l e c u l e s  p e r  c e l l  t o  be 1 1 0 .  N i s h i o k a  and  Harm
( 1 9 7 2 )  f o u n d  t h a t  t h i s  s t r a i n  w a s  an  a d e n in e  a u x o t r o p h  ( p u r A ) , 
l a c k i n g  a d e n y l o s u c c i n a t e  s y n t h e t a s e  (EC 6 . 3 . 4 . 4 J .  E x c e s s  PRE 
p r o d u c t i o n  w a s  o n l y  e x h i b i t e d  by c e l l s  e n t e r i n g  t h e  s t a t i o n a r y  
p h a s e  o f  g r o w t h ,  w h i l s t  s u p p l e m e n t a t i o n  o f  t h e  g r o w th  medium w i t h  
a d e n i n e  or  a d e n i n e  a n a l o g u e s  d e c r e a s e d  t h e  number o f  PRE m o l e c u l e s  
i n  s t a t i o n a r y  p h a s e  B g ^ - 1 6 0 ,  b u t  h ad  n o  e f f e c t  o n  t h e  p a r e n t  
s t r a i n  B g I t  w a s  c o n c l u d e d  t h a t  e x c e s s  PRE p r o d u c t i o n  o c c u r s  
o n l y  u n d er  c o n d i t i o n s  o f  s e v e r e  a d e n in e  r e s t r i c t i o n ,  s u g g e s t i n g  
t h a t  a d e n i n e  o r  som e r e l a t e d  compound i s  i n v o l v e d  i n  a r e g u l a t o r y  
m ech a n ism  r e s p o n s i b l e  f o r  t h e  l e w  l e v e l  o f  PRE p r o d u c t i o n  t h a t  i s  
c h a r a c t e r i s t i c  o f  E.  c o l i .
As d i s c u s s e d  a b o v e ,  e a r l y  a t t e m p t s  t o  i s o l a t e  t h e  E . c o l i
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p h o t o r e a c t i v a t i n g  en zym e _in v i t r o  w e r e  h i n d e r e d  by t h e  lo w  cop y  
number p e r  c e l l .  I t  w a s  n e c e s s a r y ,  t h e r e f o r e ,  t o  i n c r e a s e  t h e  
am ount o f  enzym e i n  t h e  c e l l .  S u t h e r l a n d  e t  a l .  ( 1 9 7 2 )  a c h i e v e d  
t h i s  by i s o l a t i n g  a Lambda t r a n s d u c i n g  'p h a g e  c a r r y i n g  t h e  g en e  f o r  
t h i s  en z y m e ,  w h ic h  u p on  i n d u c t i o n  o f  a l y s o g e n i c  s t r a i n  r e s u l t e d  i n  
a 2 0 0 0 - f o l d  i n c r e a s e  i n  PRE a c t i v i t y  i n  c e l l  e x t r a c t s .  A phr  
m u ta n t  o f  E. c o l i , l a c k i n g  a c t i v e  PRE, w as i s o l a t e d  by Harm and  
H i l l e b r a n d t  (196  2 ) ,  and fo u n d  t o  map n e a r  g a l  on  t h e  E.  c o l i  
chrom osom e by Van de P u t t e  e t  a l .  (1 9 6  5) ( F i g .  8 ) .
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F i g u r e  8 . The 1 6 -  t o  1 8 - m i n u t e  r e g i o n  o f  t h e  E . c o l i  ch ra n o so m e  
( a d a p t e d  fr c m  Bachm ann, 1 9 8 3 ) .
i»
S u t h e r l a n d  e t  a l .  (1 9 7  2 )  s t u d i e d  PER i n  m u t a n t s  w i t h  d e l e t i o n s  
e x t e n d i n g  fr c m  c h iA  t o  e i t h e r  a t t X , or t h r o u g h  t o  g a l , and  
c o n c l u d e d  t h a t  t h e  p h r  l o c u s  w a s  b e t w e e n  g a l  and a t t X . An E,  c o l i  
s t r a i n  l y s o g e n i c  f o r  a  Lambda s p e c i a l i s e d  t r a n s d u c i n g  'p h a g e  
c a r r y i n g  t h e  g a l - a t t X  r e g i o n  w a s  c o n s t r u c t e d ,  and a 2 0 0 0 - f o l d  
i n c r e a s e  i n  PRE a c t i v i t y  w a s  o b t a i n e d  u p o n  i n d u c t i o n ,  u s i n g  t h e  
o l i g o n u c l e o t i d e  a s s a y  d e v e l o p e d  by S u t h e r l a n d  and C h a m b e r l in
( 1 9 7 3 ) .  An en zy m e w i t h  a p p a r e n t  PRE a c t i v i t y  w as  i s o l a t e d  and  
c h a r a c t e r i z e d  ( S u t h e r l a n d  e t  a l . ,  1 9 7 3 ) .  H ow ever ,  Y oungs and S m ith  
( 1 9 7  8) and  S a n c a r  and R u p e r t  (197  8a )  p r e s e n t e d  d a t a  w h ic h  c o n ­
c l u s i v e l y  p l a c e d  t h e  p h r  g e n e  c o u n t e r - c l o c k w i s e  o f  g a l , c o n t r a ­
d i c t i n g  t h e  f i n d i n g s  o f  S u t h e r l a n d  e t  a l .  ( 1 9 7 2 ) .  Y oungs and S m ith  
(1 9 7  8) i n v e s t i g a t e d  PR i n  s t r a i n s  w i t h  d e l e t i o n s  e x t e n d i n g  t h r o u g h
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t h e  g a l - a t t X  r e g i o n  and f o u n d  them  t o  be PHR+ . T h e s e  w e r e  c h e c k e d
a g a i n s t  known p h r  s t r a i n s ,  c a r r y i n g  t h e  p h r  m u t a t i o n  i s o l a t e d  by
Harm and H i l l e b r a n d t  ( 1 9 6 2 ) ,  w h ic h  p r o v e d  t o  be p h e n o t y p i c a l l y
PHR . C o - t r a n s d u c t i o n  d a t a  c l e a r l y  p l a c e d  t h e  p h r  l o c u s  b e t w e e n
kdp and g i t A  ( F i g .  8 ) .  S a n c a r  and R u p e r t  (1 9 7  8 a )  a l s o  m e a su r e d  PR
i n  m u t a n t s  w h i c h  h a d  t h e  g a l - a t t X  r e g i o n  m i s s i n g ,  and f o u n d  them
t o  b e  PHR+ , b o t h  a s  r e g a r d s  c o l o n y  f o r m a t i o n  and s u r v i v a l  o f  UV-
i n a c t i v a t e d  T 4 v l  ' p h a g e .  A p h r  m u ta n t  o f  AB1886 w a s  i s o l a t e d  by
p e n i c i l l i n  s e l e c t i o n  ( S a n c a r  and R u p e r t ,  197 9 )  and  d e r i v a t i v e s  o f
t h i s  s t r a i n  w e r e  t r a n s f o r m e d  w i t h  a Xdv g a l  p l a s m i d .  The GAL+
t r a n s f o r m a n t s  r e t a i n e d  t h e i r  PHR p h e n o t y p e .  T h e s e  r e s u l t s  w e r e  i n
c o n f l i c t  w i t h  t h e  c o n c l u s i o n  o f  S u t h e r l a n d  e t  a l .  (1 9 7  2 ) t h a t  X
d g a l  t r a n s d u c i n g  p a r t i c l e s  c a r r y  t h e  phr g e n e .  I n  a d d i t i o n ,  S a n c a r
and R u p e r t  ( 1 9 7 8 a )  mapped t h e  p h r  l o c u s  b e t w e e n  supE and t o lA B .
S u t h e r l a n d  and H a u s r a t h  (1 9 7  9 )  i n v e s t i g a t e d  PR i n  d e l e t i o n  m u t a n t s
  +
l a c k i n g  t h e  g a l - a t t X  r e g i o n  and  fo u n d  them  t o  be  PHR , i n  c o n t r a s t  
t o  t h e  f i n d i n g s  o f  S u t h e r l a n d  e t  a l .  (1 9 7  2 ) .  S t r a i n s  w i t h  a  
A (g a l - c h l A ) d e l e t i o n  p h o t o r e a c t i v a t e d  254 nm U V - in d u c e d  damage a t  a  
r a t e  2 0  p e r  c e n t  t h a t  o f  A (a t t X - c h l A ) s t r a i n s .  P h o t o r e a c t i v a t i n g  
e n z y m e s  i s o l a t e d  fr c m  A (g a l - c h l A ) s t r a i n s  had  a n  a p p a r e n t  Km 
a p p r o x i m a t e l y  2 - 3 - f o l d  h i g h e r  t h a n  norm al enzyme and show ed  
m a r k e d ly  i n c r e a s e d  h e a t  l a b i l i t y .  They s u g g e s t e d  t h a t  a g e n e ,  
t e r m e d  p h r  A, s i t u a t e d  i n  t h e  g a l - a t t X  i n t e r v a l ,  c o n t a i n e d  
i n f o r m a t i o n  a f f e c t i n g  t h e  f u n c t i o n a l  p r o p e r t i e s  o f  t h e  phrB p r o d u c t  
m apped a t  1 6 . 2  m i n u t e s  o n  t h e  r e c a l i b r a t e d  JE. c o l i  l i n k a g e  map 
(B achm ann, 1 9 8 3 )  b y  Y ou n gs and S m ith  (1 9 7  8) and S a n c a r  and R u p e r t  
(1 9 7  8 a ) .
S a n c a r  e t  a l .  ( 1 9 8 3 )  h a v e  c l o n e d  and a m p l i f i e d  t h e  phrB g e n e  
p r o d u c t  an d  h a v e  i s o l a t e d ,  p u r i f i e d  and s e q u e n c e d  t h e  p h o t o l y a s e
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g e n e  and p r o t e i n  ( S a n c a r  e t  a l . ,  1 9 8 4 b ;  S a n c a r  e t  a l . ,  1 9 8 4 c )  
w h i l s t  Sn ap k a  and  S u t h e r l a n d  ( 1 9 8 0 )  h a v e  r e p o r t e d  t h e  p u r i f i c a t i o n  
t o  a p p a r e n t  h o m o g e n e i t y  o f  a ERE o b t a i n e d  f r c m  i n d u c t i o n  o f  a n  12. 
c o l i  s t r a i n  l y s o g e n i c  f o r  a lam bda 'p h a g e  c a r r y i n g  t h e  g a l - a t t X  
r e g i o n .
Hence a c o n f l i c t  i n  t h e  l i t e r a t u r e  c a n  be e n v i s a g e d ;  Sn ap k a  
and S u t h e r l a n d  ( 1 9 8 0 )  h a v e  p u r i f i e d  a p r o t e i n  w h i c h  i s  p r e s u m a b ly  
t h e  p r o p o s e d  phrA  g e n e  p r o d u c t ,  i t s  p r o p o s e d  f u n c t i o n  b e i n g  t o  
i n t e r a c t  w i t h  t h e  phrB g e n e  p r o d u c t  ( S u t h e r l a n d  an d  H a u s r a t h ,
1 9 7 9 ) ,  and y e t  i t  h a s  a p p a r e n t  p h o t o r e a c t i v a t i n g  en zy m e p r o p e r t i e s  
i n  i t s  own r i g h t .  T h i s  m u s t  r a i s e  t h e  q u e s t i o n  o f  t h e  e x i s t e n c e  o f  
m u l t i p l e  p h o t o l y a s e  m o l e c u l e s  i n  32. c o l i . The p r e s e n t a t i o n  o f  i n  
v i v o  d a t a  t o  a d d r e s s  t h i s  q u e s t i o n  i s  t h e  s u b j e c t  o f  t h i s  t h e s i s .
B e c a u s e  o f  t h e  l a c k  o f  p u b l i s h e d  i n  v i v o  d a t a  t o  s u p p o r t  t h e  
e x i s t e n c e  o f  tw o  p h o t o l y a s e  m o l e c u l e s  i t  i s  p e r t i n e n t  t o  r e v i e w  t h e  
i n  v i t r o  d a t a  f o r  t h e  t w o  i n d i v i d u a l  p h o t o l y a s e  m o l e c u l e s  w h i c h  h a s  
l e d  t o  t h e  p r e s e n t  c o n t r o v e r s y  r e g a r d i n g  t h e  4 0 -k D a  DNA p h o t o l y a s e  
( phrA  g e n e  p r o d u c t ) .  I n d e e d ,  i t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  ERE 
a c t i v i t y  a s s o c i a t e d  w i t h  t h i s  p r o t e i n  may be due t o  l e w  l e v e l  
c o n t a m i n a t i o n  w i t h  t h e  phrB g e n e  p r o d u c t  (S a n c a r  e t  a l . ,  1 9 8 4 b ) .
4 0 -k D a  DNA P h o t o l y a s e
S u t h e r l a n d  e t  a l .  ( 1 9 7 3 )  p u r i f i e d  a DNA p h o t o r e a c t i v a t i n g  
en zym e fr c m  in d u c e d  c e l l s  o f  an  32. c o l i  s t r a i n  h a v i n g  a  l y s o g e n i c  
Lambda b a c t e r i o p h a g e  c a r r y i n g  t h e  g a l - a t t A  ch rom osom al r e g i o n  
( S u t h e r l a n d  e t  a l . ,  1 9 7 2 ) .  The en zym e, w h ic h  e l u t e d  f r c m  h y d r o x y l -  
a p a t i t e /a m m o n iu m  s u l p h a t e  g r a d i e n t s  i n  a  c o n s t a n t  f r a c t i o n  an d  
a p p e a r e d  a s  a s i n g l e  band  o n  p o l y a c r y l a m i d e  g e l s  a t  pH 9 . 5  u n d e r  
n o n - d e n a t u r i n g  c o n d i t i o n s ,  h a s  a m o l e c u l a r  w e i g h t  o f  4 3 , 0 0 0
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d e t e r m i n e d  by  s e d i m e n t a t i o n  t h r o u g h  g l y c e r o l  g r a d i e n t s ,  and a pH
optim um  f o r  p h o t o r e a c t i v a t i n g  en zym e a c t i v i t y  a t  pH 7 . 2 .  The
p u r i f i e d  en zy m e t e n d e d  t o  fo r m  a g g r e g a t e s .  Snapka and S u t h e r l a n d
( 1 9 8 0 )  d e v e l o p e d  a p u r i f i c a t i o n  p r o c e d u r e  t o  m i n i m i s e  a g g r e g a t i o n .
I n  a d d i t i o n  t o  t h e  s t r e p t o m y c i n  an d  ammonium s u l p h a t e  p r e c i p i t a t i o n
s t e p s  r e p o r t e d  by  S u t h e r l a n d  e t  a l .  ( 1 9 7 3 ) ,  t h e  f r a c t i o n  w a s
f u r t h e r  p u r i f i e d  by i s o e l e c t r i c  f o c u s i n g  a n d  c h r o m a to g r a p h y  on  B i o -
G el P 3 0 .  The f i n a l  f r a c t i o n  ( f r a c t i o n  V) c o n t a i n e d  a b o u t  2 5 0 0
u n i t s / m g  o f  PRE a c t i v i t y ,  w h e r e  one u n i t  i s  d e f i n e d  a s  t h e  amount
o
o f  p h o t o l y a s e  r e q u i r e d  t o  r e v e r s e  1 ng o f  d i m e r s  i n  1 hour a t  37 C.
Sodium  d o d e c y l s u l p h a t e  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  o f  
d a n s y l - l a b e l l e d  en zy m e  g a v e  b an d s  c o r r e s p o n d i n g  t o  a  m o l e c u l a r  
w e i g h t  o f  3 5 , 2 0 0  +_ 2 0 0  and i t s  m u l t i p l e s  (d u e  t o  a g g r e g a t e  
f o r m a t i o n ) .  Amino a c i d  a n a l y s i s  o f  t h e  a p o p r o t e i n  r e v e a l e d  an  
a r g i n i n e  r e s i d u e  a t  t h e  N - t e r m i n u s ,  no d e t e c t a b l e  t r y p t o p h a n  
r e s i d u e s  an d  a lo w  o v e r a l l  i n c i d e n c e  o f  a r c m a t i c  a m in o  a c i d s .  The  
p r e s e n c e  o f  m a n n o se ,  g l u c o s e ,  g a l a c t o s e  and  N - a c e t y l g l u c o s a m i n e  
a s s o c i a t e d  w i t h  t h e  a p o p r o t e i n  w e r e  d e t e c t e d  by g a s  l i q u i d  chrom a­
t o g r a p h y .  The en zym e e x h i b i t e d  a b s o r p t i o n  a t  2 5 0  nm and had  
a p p r o x i m a t e l y  1 0  n u c l e o t i d e s  o f  RNA a s s o c i a t e d  w i t h  e a c h  PRE 
m o l e c u l e .  N e i t h e r  t h e  c o f a c t o r ,  a p o e n z y m e ,  nor h o lo e n z y m e  sh ew ed  
an y  a b s o r p t i o n  b e t w e e n  3 0 0  and 4 0 0  ran and y e t  t h e  i s o l a t e d  enzym e  
h a d  a n  a c t i o n  s p e c t r u m  w h ic h  p e a k e d  a t  3 6 0  nm (S n a p k a  and F u s e l i e r ,  
1 9 7 7 ) .  H ow ever ,  Wun e t  a l .  ( 1 9 7 7 )  u s e d  a b s o r p t i o n  d i f f e r e n c e  
s p e c t r o s c o p y  t o  d e m o n s t r a t e  t h e  a p p e a r a n c e  o f  a new a b s o r p t i o n  i n  
t h e  s p e c t r a l  a n a l y s i s  w h e n  t h e  enzym e w a s  i n c u b a t e d  w i t h  UV- 
i r r a d i a t e d  DNA. T h e r e  w a s  a c o n c o m i t a n t  d e c r e a s e  i n  t h e  a b s o r p t i o n  
o f  t h e  m i x t u r e  b e lo w  3 0 0  nm. B o th  t h e  h y p e r c h r c m i c i t y  a b o v e  3 0 0  nm 
and h y p o c h r c r a i c i t y  b e lo w  3 0 0  nm c o u l d  b e  r e v e r s e d  w i t h  i d e n t i c a l
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f i r s t - o r d e r  k i n e t i c s  by i r r a d i a t i o n  w i t h  36  5 ran l i g h t .  T h i s  l e d  t o  
t h e  s u g g e s t i o n  t h a t  t h e  enzym e d o e s  n o t  p o s s e s s  a  d i s t i n c t  
c h r a n o p h o r e ,  b u t  i n s t e a d  a new a b s o r p t i o n  r e s u l t s  w h en  i t  b i n d s  t o  
d i m e r - c o n t a i n i n g  DNA.
A l t h o u g h  t h e  i s o l a t e d  en zym e l a c k e d  a b s o r p t i o n  i n  i t s  a c t i n i c  
w a v e l e n g t h  r e g i o n ,  t h e r e  w a s  a n  a b s o r p t i o n  maximum n e a r  2 6 0  nm t h a t  
w a s  due p r i m a r i l y  t o  a n  RNA c o f a c t o r  (C im in o  and  S u t h e r l a n d ,  1 9 8 2 ) .
B o th  A-U and G-C b a s e  p a i r s  w e r e  p r e s e n t  i n  e q u a l  c o n c e n t r a t i o n s  
an d  a b o u t  2 0  p e r  c e n t  w e r e  i n  a d o u b l e - s t r a n d e d  c o n f o r m a t i o n  i n  t h e  
n a t i v e  en zy m e .
S u b s t r a t e  Range o f  t h e  4 0 -k D a  D N A - P h o t o r e a c t i v a t i n g  Enzyme
S u t h e r l a n d  e t  a l .  ( 1 9 8 6 )  fo u n d  t h a t  t h e  i s o l a t e d  en zym e  
q u a n t i t a t i v e l y  m o n o m e r iz e d  c i s - s y n  p y r i m i d i n e  d im e r s  i n  DNA b u t  n o t  
RNA. The p y r i m i d i n e  [ 6 - 4 ]  p y r im id o n e  p h o t o p r o d u c t  (L ip p k e  e t  a l . ,
1 9 8 1 )  w a s  n o t  a s u b s t r a t e  f o r  t h e  en zy m e . S u t h e r l a n d  e t  a l .  ( 1 9 8 6 )  
a l s o  c o n s t r u c t e d  p y r i m i d i n e  d im er  s u b s t r a t e s  i n  DNA h a v i n g  t h e  tw o  
p y r i m i d i n e s  and  t h e  c y c l o b u t a n e  r i n g  c h a r a c t e r i s t i c  o f  t h e  c i s - s y n  
d im e r ,  b u t  w i t h o u t  i n d i v i d u a l  b o n d s  i n  t h e  im m e d ia t e  v i c i n t y  o f  t h e  
d im e r .  T he enzym e d i d  n o t  p h o t o r e a c t i v a t e  d im e r s  l a c k i n g  a n  N -  
g l y c o s y l  bond l i n k i n g  o n e  o f  t h e  p y r i m i d i n e  m o i e t i e s  t o  t h e  d e o x y -  
r i b o s e  b a c k b o n e  and o n l y  bound t h e  DNA v e r y  p o o r l y .  S i m i l a r l y ,  t h e  
en zym e d i d  n o t  m o n o m e r iz e  d im e r s  i n  w h i c h  t h e  p h o s p h o d i e s t e r  bond  
j o i n i n g  t h e  tw o  d e o x y r i b o s e  m o i e t i e s  w a s  n o t  i n t a c t .  S u t h e r l a n d  e t  
a l .  ( 1 9 8 0 )  sh o w ed  t h a t  M. l u t e u s  UV e n d o n u c l e a s e  c o u l d  d i s p l a c e  t h e
PRE a l r e a d y  bound t o  d im e r  s i t e s ,  r e s u l t i n g  i n  n i c k i n g  a t  t h e s e
s i t e s .  In  c o n t r a s t ,  t h e  y e a s t  enzym e p r e p a r a t i o n  u s e d  by P a t r i c k  
an d  Harm ( 1 9 7 3 )  w a s  n o t  d i s p l a c e d  by M. l u t e u s  UV e n d o n u c l e a s e ,
s u g g e s t i n g  t h a t  t h e  y e a s t  PRE h a d  a r e l a t i v e l y  g r e a t e r  a f f i n i t y  f o r
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t h e  d im er  s i t e  t h a n  t h e  4 0 -k D a  E . c o l i  ERE.
5 0 -k D a  DNA P h o t o l y a s e
As a c o n s e q u e n c e  o f  t h e  c o n t r o v e r s y  r e g a r d i n g  t h e  map l o c a t i o n  
o f  t h e  p hr  g e n e  d i s c u s s e d  a b o v e ,  S a n c a r  and R u p e r t  (1 9 7  8b)  
d e v e l o p e d  a m e th o d  t o  c l o n e  t h e  phrB g e n e  u s i n g  c h r a n o s o m a l  DNA a s  
t h e  g e n e  s o u r c e .  T h r e e  p hr  s t r a i n s ,  i n c l u d i n g  t h e  o r i g i n a l  p h o t o ­
r e a c t i v a t i o n - d e f i c i e n t  m u ta n t  E^ . c o l i  Bphr (Harm and H i l l e b r a n d t ,  
1 9 6 2 ) ,  w e r e  t r a n s f o r m e d  t o  t h e  PHR+ p h e n o t y p e  by t h e  c l o n e d  phrB  
g e n e ,  c a r r i e d  o n  p l a s m i d  pC SR 604. T h i s  p l a s m i d ,  pCSR604, w a s  
s u b c l o n e d  an d  t h e  phrB g e n e  p u t  u n d er  t h e  c o n t r o l  o f  t h e  t a c  
p r a n o t e r  i n  pUNC09 r e s u l t i n g  i n  pMS96 9 ( S a n c a r  e t  a l . ,  1 9 8 3 ) .  Two 
p r o t e i n s  o f  m o l e c u l a r  w e i g h t s  4 9 , 0 0 0  and 2 0 , 0 0 0  w e r e  i d e n t i f i e d  o n  
S D S - p o l y a c r y l a m i d e  g e l s  a f t e r  p l a s m i d  i n d u c t i o n  w i t h  IPTG. The Mr 
4 9 , 0 0 0  p r o t e i n  w a s  i d e n t i f i e d  a s  b e i n g  t h e  phrB g e n e  p r o d u c t ,  u s i n g  
t h e  t e c h n i q u e  o f  TnlOOO i n s e r t i o n a l  i n a c t i v a t i o n  d e s c r i b e d  by Guyer  
( 1 9 7 8 ) .  The g e n e  p r o d u c t  r e p a i r e d  UV i r r a d i a t e d  pBR322 DNA i n  
v i t r o  ( S a n c a r  e t  a l . ,  1 9 8 3 ) .  S a n c a r  e t  a l .  ( 1 9 8 4 b )  h a v e  d e s c r i b e d  
a p u r i f i c a t i o n  p r o c e d u r e  i n  w h i c h  t h e  f i n a l  f r a c t i o n  e l u t e s  a s  a
s i n g l e  p e a k  f r a n  a p h e n y l - s e p h a r o s e  co lu m n  h a v i n g  a n  Mr o f  4 9 , 0 0 0 .
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They c a l c u l a t e d  a  s p e c i f i c  a c t i v i t y  o f  4 x  1 0  u n i t s  p e r  mg o f  
enzym e i n  c o n t r a s t  t o  t h e  a p p r o x i m a t e l y  1 0 0 0 - f o l d  l o w e r  v a l u e  
o b t a i n e d  by Snapka a n d  S u t h e r l a n d  ( 1 9 8 0 )  f o r  t h e  p u r i f i e d  40 -k D a  
p r o t e i n .  S a n c a r  e t  a l .  ( 1 9 8 4 b )  m e a su r e d  a t u r n o v e r  r a t e  o f  2 . 4  
d i m e r s / p h o t o l y a s e  m o l e c u l e / m i n u t e ,  i n  r e a s o n a b l e  a g r e e m e n t  w i t h  t h e  
i n  v i v o  t u r n o v e r  r a t e  o f  4 . 5  d i m e r s / m o l e c u l e / m i n u t e  f o r  E . c o l i  
B (Harm, 1 9 7 0 ) .  S a n c a r  e t  a l .  ( 1 9 8 4 c )  h a v e  s e q u e n c e d  a 2 0 3 9 - b pS" J.
s e g m e n t  c o n t a i n i n g  t h e  phrB g e n e .  Two o p e n  r e a d i n g  f r a m e s  w e r e  
f o u n d ,  o n e  o f  w h i c h  e n c o d e s  a p o l y p e p t i d e  o f  5 3 ,9 9 4 - D a  b a s e d  o n  t h e
a m in o  a c i d  c o m p o s i t i o n  p r e d i c t e d  fr c m  t h e  n u c l e o t i d e  s e q u e n c e .  The  
t r a n s c r i p t i o n a l  p r o m o t e r s  i d e n t i f i e d  had o n l y  l i m i t e d  h o m o lo g y  w i t h  
t h e  c a n o n i c a l  - 3  5 s e q u e n c e  TTGACA and t h e  P r ib n o w  b o x  TATAATG, 
w h i c h  may i n  p a r t  e x p l a i n  t h e  lo w  c e l l u l a r  c o p y  number o f  PRE 
m o l e c u l e s .  A S h in e  and D a lg a r n o  r ib o s o m e  b i n d i n g  s i t e  show ed g o o d  
h o m o lo g y  w i t h  t h e  c o n s e n s u s  s e q u e n c e  o r i g i n a l l y  p r o p o s e d  by S h i n e  
a n d  D a l g a r n o  ( 1 9 7 4 ) .  The am ino a c i d  c o m p o s i t i o n  d e r i v e d  from  t h e  
n u c l e o t i d e  s e q u e n c e  r e v e a l e d  a b i a s  i n  f a v o u r  o f  r a r e  and i n ­
f r e q u e n t  c o d o n s .  T w enty  f i v e  p e r  c e n t  o f  t h e  c o d o n s  i n  t h e  g e n e  
w e r e  r a r e ,  l e a d i n g  S a n c a r  e t  a l .  ( 1 9 8 4 c )  t o  c o n c l u d e  t h a t  t h e  lo w  
c e l l u l a r  co p y  number o f  PRE m o l e c u l e s  may be a t t r i b u t a b l e  t o  
r e g u l a t i o n  a t  t h e  l e v e l  o f  t r a n s c r i p t i o n  a n d / o r  t r a n s l a t i o n .  I h a r a  
e t  a l .  ( 1 9 8 7 )  h a v e  com p ared  t h e  p r o m o te r  s e q u e n c e  o f  t h e  phrB g e n e  
w i t h  t h o s e  o f  s e v e r a l  S O S - i n d u c i b l e  g e n e s ,  and f o u n d  a l i m i t e d  
d e g r e e  o f  h o m o lo g y .  F u r t h e r m o r e ,  t h e s e  w o r k e r s  h a v e  u s e d  a p h r B -  
l a c Z  f u s i o n  t o  shew i n d u c t i o n  o f  t h e  p h r  g e n e  w i t h  U V - r a d i a t i o n ,  
4 - n i t r o q u i n o l i n e  and m i t c m y c in  C. T h e i r  r e s u l t s  s u g g e s t  t h a t  t h e  
g e n e  i s  S O S - i n d u c i b l e .  S a n c a r  and S a n c a r  ( 1 9 8 4 )  r e p o r t e d  t h a t  t h e  
en zy m e h a d  a n  i n t r i n s i c  c h r a n o p h o r e  w i t h  t h e  s p e c t r a l  p r o p e r t i e s  o f  
f l a v i n  a d e n i n e  d i n u c l e o t i d e  (FA D ). T h i s  w a s  fo u n d  t o  be a b l u e  
n e u t r a l  FAD r a d i c a l  ( J o r n s  e t  a l . , 1 9 8 4 ) .  D i s p r o p o r t i o n a t i o n  o f  t h e  
r a d i c a l  o b s e r v e d  u p o n  a n a e r o b i c  d e n a t u r a t i o n  w a s  c o n s i s t e n t  w i t h  an  
N -5  u n s u b s t i t u t e d  r a d i c a l .  The p h o t o l y a s e  e x h i b i t e d  a b s o r p t i o n  
m axim a a t  5 8 0 ,  47 5 and 384 nm. The a b s o r b a n c e  o f  t h e  enzym e a t  
w a v e l e n g t h s  a b o v e  5 0 0  nm i s  due o n l y  t o  t h e  FAD r a d i c a l , w h e r e a s  t h e  
b a n d  a t  3 84 nm r e f l e c t s  c o n t r i b u t i o n s  frcm  b o t h  t h e  FAD r a d i c a l  and  
a s e c o n d  c h r o m o p h o r e .  N a t i v e  p h o t o l y a s e  i s  f l u o r e s c e n t ,  h a v i n g  a n  
e m i s s i o n  maximum a t  4 7 0  nm and a n  e x c i t a t i o n  maximum a t  3 98 nm. The  
en zy m e  f l u o r e s c e n c e  h a s  b e e n  a t t r i b u t e d  t o  t h e  s e c o n d  c h r o m o p h o r e
(SC ) ( J o r n s  e t  a l . ,  1 9 8 4 ) .  E v id e n c e  f o r  t h i s  a r o s e  by s t u d y i n g  t h e
d e n a t u r a t i o n  o f  t h e  enzym e w i t h  sod ium  d o d e c y l s u l p h a t e .  The i n i t i a l
a b s o r p t i o n  s p e c t r u m  a f t e r  a d d i t i o n  o f  SDS sh ew ed  a n  i n t e n s e  band  a t
3 6 0  nm w h ic h  s l c w l y  d e c a y e d  i n  a f i r s t - o r d e r  r e a c t i o n .  The
s t a b i l i t y  o f  t h e  SC w a s  p H - d e p e n d e n t .  J o r n s  e t  a l .  ( 1 9 8 4 )  h a v e
c a l c u l a t e d  t h a t  5 0  p e r  c e n t  o f  t h e  a b s o r p t i o n  i n  t h e  a c t i n i c  r e g i o n
i s  a t t r i b u t a b l e  t o  t h e  s e c o n d  c h r a n o p h o r e .  J o r n s  e t  a l .  ( 1 9 8 7 )
h a v e  shew n t h a t  o x i d a t i o n  o f  t h e  f l a v i n  r a d i c a l  i n  p h o t o l y a s e  i s
a c c o m p a n ie d  by a r e v e r s i b l e  l o s s  o f  enzym e a c t i v i t y ,  w h i l s t
r e d u c t i o n  o f  t h e  r a d i c a l  t o  t h e  f u l l y  r e d u c e d  f l a v i n  r e s u l t e d  i n  a
3 - f o l d  i n c r e a s e  i n  t u r n o v e r ,  s u g g e s t i n g  t h a t  r e d u c e d  f l a v i n  may a c t
a s  a n  e l e c t r o n  d o n o r  i n  c a t a l y s i s .  J o r n s  e t  a l .  ( 1 9 8 7 )  r e p o r t  a
s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  a b s o r p t i o n  s p e c tr u m  c a l c u l a t e d
f o r  t h e  p r o t e i n - b o u n d  s e c o n d  ch r o m o p h o r e  (Xmax = 3 9 0  nm) c o m p a red
w i t h  t h e  p r o t e i n - f r e e  s e c o n d  c h r a n o p h o r e  (Xmax = 3 6 0  nm) ( J o r n s  e t
a l . ,  1 9 8 4 ) .  T he a u t h o r s  c o n c l u d e  t h a t  t h e  b i n d i n g  s i t e  o f  t h e
s e c o n d  c h r a n o p h o r e  i n  p h o t o l y a s e  may p r o v i d e  an  e n v ir o n m e n t  w h ic h
d i f f e r s  frcm  t h e  b u l k  s o l v e n t .  The a v a i l a b l e  e v i d e n c e  s u g g e s t s
t h a t  t h e  f l a v i n  b i n d s  a t  a  h y d r o p h o b ic  s i t e .  I n  a n  a t t e m p t  t o
d e t e r m i n e  t h e  e f f i c i e n c y  w i t h  w h ic h  t h e  enzym e c o n v e r t s  l i g h t
e n e r g y  i n t o  c h e m i c a l  e n e r g y  ( i . e .  t h e  quantum  y i e l d )  an d  t h e  r o l e s
o f  t h e  c h r c m o p h o r e s  i n  p h o t o s e n s i t i z a t i o n ,  S a n c a r  e t  a l .  ( 1 9 8 7 a )
m e a s u r e d  t h e  e x t i n c t i o n  c o e f f i c i e n t  a t  384  nm ( e ^ ) ° f  p u r e  b l u e
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p h o t o l y a s e  and  f o u n d  i t  t o  b e  1 . 8  x  1 0  M .cm i n  g o o d  a g r e e m e n t
w i t h  t h e  v a l u e  p r e d i c t e d  by Harm ( 1 9 7 0 ) .  H cw ev er ,  t h e s e  w o r k e r s
fo u n d  t h e  p h o t o r e a c t i v a t i o n  c r o s s - s e c t i o n  e 0 0 - <f> = 1 2 0 9  r e s u l t i n g  i n
3 84
a quantum  y i e l d  <f>= 0 . 0 6  5 ,  w h ic h  i n d i c a t e d  a v e r y  i n e f f i c i e n t  
p r o c e s s .  T h i s  d i s a g r e e d  w i t h  t h e  p r e d i c t i o n  o f  Harm ( 1 9 7 0 )  t h a t  
t h e  quantum  y i e l d  s h o u l d  h a v e  a v a l u e  b e t w e e n  0 . 1  and 1 . 0 .  S a n c a r
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e t  a l .  ( 1 9 8 7 a )  r e p e a t e d  t h e  m e a s u r e m e n t s  w i t h  t h e  f u l l y  r e d u c e d
en zy m e and d e t e r m in e d  e = 1 6 , 1 0 0  and e _ 0 -<}> = 1 6 , 2 5 0 ,  from w h ic h
38 4  3 8 4
<j> = 1 . 0 .  The a u t h o r s  c o n c l u d e d  t h a t  t h e  en zym e c o n t a i n s  a f u l l y  
r e d u c e d  f l a v i n  i n  v i v o  and a c t s  a s  a v e r y  e f f i c i e n t  p h o t o s e n s i t i z e r  
w i t h  a quantum  e f f i c i e n c y  o f  a b o u t  1 . 0 .  They s u g g e s t  tw o  p a th w a y s  
f o r  t h e  m ech a n ism  o f  p h o t o s e n s i t i z a t i o n  d e p e n d in g  o n  w h e t h e r  a 
p h o t o n  i s  a b s o r b e d  by t h e  r e d u c e d  f l a v i n  o r  t h e  s e c o n d  c h r o m o p h o r e .  
When t h e  s e c o n d  ch r o m o p h o r e  a c t s  a s  t h e  s e n s i t i z e r ,  i t  d o n a t e s  an  
e l e c t r o n  t o  t h e  d im er  t o  form  a r a d i c a l  c a t i o n  and p y r i m i d i n e  d im er  
a n i o n ;  t h e  c a t i o n  i s  r e d u c e d  by  e l e c t r o n  t r a n s f e r  from  FADH^. The  
p y r i m i d i n e  d im er  r a d i c a l  a n i o n  i s  u n s t a b l e  and s p o n t a n e o u s l y  mono­
mer i z e s  t o  y i e l d  p y r i m i d i n e  p l u s  p y r i m i d i n e  r a d i c a l  a n i o n ;  t h e  
l a t t e r  d o n a t e s  a n  e l e c t r o n  t o  t h e  f l a v i n  r a d i c a l ,  r e g e n e r a t i n g  
FADH^• A l t e r n a t i v e l y ,  when FADH^ a c t s  a s  s e n s i t i z e r ,  i t  d o n a t e s  an  
e l e c t r o n  d i r e c t l y  t o  t h e  d im e r .
S u b s t r a t e  R ange o f  t h e  5 0 -k D a  DNA P h o t o l y a s e
B r a s h  e t  a l .  (1 9  85 )  t r e a t e d  U V - i r r a d i a t e d ,  e n d - l a b e l l e d  DNA 
w i t h  e i t h e r  M. l u t e u s  UV e n d o n u c l e a s e  or  h o t  a l k a l i  and d e t e c t e d  
t h e  p r e s e n c e  o f  c y c l o b u t a n e  p y r i m i d i n e  d im e r s  and p y r i m i d i n e  [ 6 - 4 ]  
p y r i m i d o n e  p h o t o p r o d u c t s ,  r e s p e c t i v e l y .  I n c u b a t i o n  o f  i r r a d i a t e d  
DNA w i t h  p h o t o l y a s e  i n  t h e  d a r k  d i d  n o t  a l t e r  t h e  f r e q u e n c y  or  
d i s t r i b u t i o n  o f  c y c l o b u t a n e  d i m e r s .  H cw ev er ,  a f t e r  3 0  m i n u t e s  
i n c u b a t i o n  i n  t h e  p r e s e n c e  o f  v i s i b l e  l i g h t ,  no  d i m e r s  c o u l d  be  
d e t e c t e d .  T h i s  t r e a t m e n t  d i d  n o t  a l t e r  t h e  d i s t r i b u t i o n  o f  h o t  
a l k a l i  l a b i l e  s i t e s ,  l e a d i n g  t h e  a u t h o r s  t o  c o n c l u d e  t h a t  DNA 
p h o t o l y a s e  s p e c i f i c a l l y  r e v e r s e s  c y c l o b u t a n e - t y p e  p y r i m i d i n e  
d i m e r s ,  b u t  n o t  p y r i m i d i n e  [ 6 - 4 ]  p y r im id o n e  p h o t o p r o d u c t s .  B r a s h  
e t  a l .  (1 9  8 5 )  p o i n t e d  o u t  t h a t ,  u n l i k e  t h e  c y c l o b u t a n e  p y r i m i d i n e
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d im e r ,  t h e  [ 6 - 4 ]  p h o t o p r o d u c t  c a n n o t  be r e v e r s e d  t o  i t s  p a r e n t  
p y r i m i d i n e  m o i e t i e s  b y  t h e  s i m p l e  b r e a k a g e  o f  c o v a l e n t  b o n d s .
S a n c a r  e t  a l .  ( 1 9  8 5 )  h a v e  s t u d i e d  t h e  b i n d i n g  o f  DNA p h o t o ­
l y a s e  t o  d i m e r - c o n t a i n i n g  DNA i n  v i t r o  u s i n g  t h e  p u r i f i e d  en zym e  
p r e p a r a t i o n  ( S a n c a r  e t  a l .  1 9 8 4 b ) .  The enzym e bound s p e c i f i c a l l y  
t o  U V - i r r a d i a t e d  DNA, and o n l y  a t  t h e  h i g h e s t  enzym e c o n c e n t r a t i o n  
c o u l d  any n o n - s p e c i f i c  b i n d i n g  b e  d e t e c t e d .  The b i n d i n g  r e a c t i o n  
h a d  pH and i o n i c  s t r e n g t h  o p t im a  a t  7 . 4 - 7 . 6  and 0 . 1 2 5  -  0 . 1 5 0 ,  
r e s p e c t i v e l y .  T he  enzym e b ou n d  U V - i r r a d i a t e d  s u p e r h e l i c a l ,  r e l a x e d  
c i r c u l a r  and l i n e a r  DNA e q u a l l y  w e l l ,  s u g g e s t i n g  t h a t  i t  d o e s  n o t  
p o s s e s s  D N A -u n w in d in g  a c t i v i t y .  The enzym e a l s o  bound t o  UV- 
i r r a d i a t e d ,  s i n g l e - s t r a n d e d  an d  d o u b l e - s t r a n d e d  DNA w i t h  e q u a l  
a f f i n i t y .  The f i n d i n g  t h a t  t h e  s e c o n d a r y  and h i g h e r - o r d e r  
s t r u c t u r e  o f  U V - i r r a d i a t e d  DNA h a s  n o  a p p a r e n t  e f f e c t  o n  t h e  
b i n d i n g  o f  DNA p h o t o l y a s e  s t r o n g l y  s u g g e s t s  t h a t  i t  i s  t h e  d im e r ,  
r a t h e r  t h a n  a h e l i c a l  d e f o r m i t y ,  w h ic h  i s  s p e c i f i c a l l y  r e c o g n i s e d .
J o r n s  e t  a l .  ( 1 9  8 5 )  f o u n d  t h a t  DNA p h o t o l y a s e  e x h i b i t s  t h e  same  
t u r n o v e r  number ( 3 . 4  rain "S f o r  t h e  r e p a i r  o f  d im e r s  i n  o l i g o -  
t h y m i d y l a t e s  [ o l i g o  ( d T ) n ]  c o n t a i n i n g  4 - 1 8  r e s i d u e s ,  a s  w i t h  n a t i v e  
DNA. P h o t o l y a s e  c a n  r e p a i r  i n t e r n a l  d im e r s  and d im e r s  a t  t h e  5 '  
end w h e r e  t h e  t e r m i n a l  r i b o s e  i s  p h o s p h o r y l a t e d ,  b u t  n o t  a t  u n -  
p h o s p h o r y l a t e d  5 '  o r  3 '  e n d s .  T h i s  e x p l a i n s  why t h e  enzym e i s  i n ­
a c t i v e  w i t h  o l i g o  ( d T ) ^ /  s i n c e  t h e  o n l y  d im er  p o s s i b i l i t y  i n v o l v e s  
a n  u n p h o s p h o r y l a t e d  3 ’ e n d .  T he r e s u l t s  r e p o r t e d  by J o r n s  e t  a l .
( 1 9 8 5 )  s u p p o r t  t h e  c o n c l u s i o n  o f  S a n c a r  e t  a l .  ( 1 9 8 5 )  t h a t  i t  i s  
t h e  d im e r  i t s e l f  w h i c h  i s  s p e c i f i c a l l y  r e c o g n i s e d ,  a s  o p p o s e d  t o  
t h e  DNA h e l i c a l  d e f o r m a t i o n  p r o d u c e d  by t h e  d im e r .  I n  a r e c e n t  
s t u d y ,  S a n c a r  e t  a l .  ( 1 9  8 7 b )  u s e d  t h e  t e c h n i q u e s  o f  n i t r o c e l l u l o s e  
f i l t e r  b i n d i n g  an d  f l a s h  p h o t o l y s i s  t o  d e t e r m i n e  t h e  r a t e  c o n s t a n t s
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f o r  t h e  f o r m a t i o n  o f  t h e  e n z y m e - s u b s t r a t e  c o m p le x .  T he a s s o c i a t i o n
(k ^ )  a n d  d i s s o c i a t i o n  ( k 2 ) r a t e  c o n s t a n t s  w e r e  e s t i m a t e d  t o  be  1 - 4
x  10^  M ^ . s  ^ and 2 -3  x  1 0   ^ s  \  r e s p e c t i v e l y ,  i n  r e a s o n a b l e
a g r e e m e n t  w i t h  t h e  i n  v i v o  d a t a  p u b l i s h e d  by Harm ( 1 9 7 0 ) .  The
e q u i l i b r i u m  a s s o c i a t i o n  c o n s t a n t  (K^) w as f o u n d  t o  b e  a p p r o x i m a t e l y  
7 - 1
6 x  1 0  M . Fran  t h e  d e p e n d e n c e  o f  t h e  a s s o c i a t i o n  c o n s t a n t  o n  
i o n i c  s t r e n g t h  t h e  a u t h o r s  c o n c l u d e d  t h a t  t h e  enzym e c o n t a c t s  n o  
m o r e  t h a n  t w o  p h o s p h o d i e s t e r  bonds u pon  b i n d i n g ,  i n  a g r e e m e n t  w i t h  
t h e  f i n d i n g s  o f  t h e  s u b s t r a t e  s t u d y  o f  J o r n s  e t  a l .  ( 1 9 8 5 ) .
2 . 1 . 6 . 4  DNA P h o t o l y a s e  F ran  Human C e l l s
Cook an d  R e g a n  (1 9 6  9 )  d e s c r i b e d  p h o t o r e a c t i v a t i o n  i n  t h e  
m a r s u p i a l  P o t o r u s  t r i a d a c t y l u s ,  b u t  i t  w a s  s e v e r a l  y e a r s  l a t e r  
b e f o r e  airy f u r t h e r  w o r k  w a s  r e p o r t e d .  Ley ( 1 9 8 4 )  r e p o r t e d  p h o t o ­
r e p a i r  o f  p y r i m i d i n e  d i m e r s  i n  t h e  e p i d e r m i s  o f  t h e  m a r s u p i a l  
M o n o d e l p h i s  d o m e s t i c a  u s i n g  t h e  M. l u t e u s  U V - e n d o n u c le a s e  s e n s i t i v e  
s i t e s  a s s a y ,  w h i l s t  L e y  and A p p l e g a t e  ( 1 9 8 5 )  fo u n d  t h a t  p o s t -U V  
r a d i a t i o n  e x p o s u r e  o f  s k i n  t o  p h o t o r e a c t i v a t i n g  l i g h t  s u p p r e s s e d  
t h e  i n d u c t i o n  o f  su n b u r n  c e l l s  and e p i d e r m a l  h y p e r p l a s i a  by 7 5  p e r  
c e n t .  T h e s e  d a t a  s u g g e s t e d  a c a u s a l  l i n k  b e t w e e n  p y r i m i d i n e  d im e r s  
a n d  i n d u c t i o n  o f  su n b u r n  c e l l s  and e p id e r m a l  h y p e r p l a s i a  i n  M. 
d o m e s t i c a . Ley ( 1 9 8 5 )  f o u n d  a s i m i l a r  r e l a t i o n s h i p  b e t w e e n  UV- 
i n d u c e d  p y r i m i d i n e  d i m e r s  an d  e r y th e m a  i n  t h e  same s p e c i e s .
S a b o u r i n  and  L e y  ( 1 9 8 7 )  h a v e  i s o l a t e d  and  p u r i f i e d  a p h o t o l y a s e  
f r c m  M. d o m e s t i c a  w h ic h  s h e w s  a c t i v i t y  i n  t h e  r a n g e  3 2 5 - 4 7  5 ran w i t h  
a p e a k  a t  3 7 5  ran.
I n i t i a l l y ,  p h o t o r e a c t i v a t i o n  c o u l d  n o t  be d e m o n s t r a t e d  i n  
r o d e n t  c e l l s  ( C l e a v e r ,  1 9 6 6 ;  Cook and M cGrath, 1 9 6 7 ;  L e y  e t  a l . ,
197  8 ) ,  h o w e v e r ,  A nanthasw am y and F i s h e r  ( 1 9 8 1 )  o b s e r v e d
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p h o t o r e a c t i v a t i o n  i n  t h e  d e r m is  o f  new b o r n ,  b u t  n o t  a d u l t  m i c e .  
S i m i l a r l y ,  p h o t o r e a c t i v a t i o n  c o u l d  n o t  be d e m o n s t r a t e d  i n  human 
c e l l s  ( C l e a v e r ,  1 9 6 6 ) ,  b u t  S u t h e r l a n d  ( 1 9 7 4 )  d e s c r i b e d  t h e  
i s o l a t i o n  o f  a p h o t o r e a c t i v a t i n g  enzym e from  human l e u k o c y t e s ?  
d e t e c t i o n  b e i n g  by  t h e  n u c l e a s e  d i g e s t i o n  m e th o d .  The enzym e h ad  
s i m i l a r  p r o p e r t i e s  t o  t h e  4 0 -k D a  p h o t o l y a s e  from  JE. c o l i  ( Snapka  
and S u t h e r l a n d ,  1 9 8 0 )  w i t h  r e s p e c t  t o  a g g r e g a t e  f o r m a t i o n  and  
l a c k i n g  a n  i n t r i n s i c  c h r o m o p h o r e .  H ow ever ,  t h e  4 0 -k D a  human 
l e u k o c y t e  PRE had pH and i o n i c  s t r e n g t h  o p t im a  a t  7 . 2  and 0 . 5  
r e s p e c t i v e l y  ( S u t h e r l a n d ,  1 9 7 4 ) .  I n  c o n t r a s t  t o  o t h e r  p h o t o -  
r e a c t i v a t i n g  e n z y m e s ,  t h e  a c t i n i c  w a v e l e n g t h  r a n g e  e x t e n d e d  t o  6 0 0  
nm ( S u t h e r l a n d  e t  a l . ,  1 9 7 4 ) .  The enzym e w a s  d e t e c t e d  i n  m o n o c y t e s  
an d  p o l y m o r p h o n u c le a r  l e u k o c y t e s ,  b u t  serum and e r y t h r o c y t e s  h ad  no  
s i g n i f i c a n t  a c t i v i t y  ( S u t h e r l a n d  e t  a l . ,  1 9 7 4 ) .  I n  a d d i t i o n ,  PRE 
a c t i v i t y  w a s  a l s o  d e t e c t e d  i n  e x t r a c t s  o f  b o v i n e  b on e  marrow  
( S u t h e r l a n d  e t  a l . ,  1 9 7 4 ) ,  s u g g e s t i n g  t h a t  t h e  ERE a c t i v i t y  
m e a s u r e d  i n  l e u k o c y t e s  w a s  n o t  a t t r i b u t a b l e  t o  p h a g o c y t i c  e n -  
g u l f m e n t  o f  b a c t e r i a  c o n t a i n i n g  PRE. S u t h e r l a n d  and O l i v e r  ( 1 9 7 6 )  
r e p o r t e d  t h a t  t h e  l e v e l  o f  PRE a c t i v i t y  i n  f i b r o b l a s t s  c u l t u r e d  i n  
E a g l e ' s  m in im a l  e s s e n t i a l  medium s u p p le m e n t e d  w i t h  f o e t a l  b o v i n e  
serum  w a s  v e r y  l e w ,  w h e r e a s  p a r a l l e l  c u l t u r e s  grown i n  D u l b e c c o ' s  
m o d i f i e d  E a g l e ' s  e s s e n t i a l  medium (DMEM) c o n t a i n e d  h i g h e r  l e v e l s  o f  
en zy m e . A s i m i l a r  phenom enon  w a s  r e p o r t e d  by  M o rte lm a n s  e t  a l .
( 1 9 7  8) w i t h  human f i b r o b l a s t s  c u l t u r e d  i n  DMEM, b u t  t h e  a u t h o r s  
s u g g e s t e d  t h a t  t h e  o b s e r v e d  p h o t o r e a c t i v a b l e  r e s p o n s e  c o u l d  n o t  be  
d i s t i n g u i s h e d  b e t w e e n  t r u e  p h o t o e n z y m a t i c  r e p a i r  and a  m edium -  
d e p e n d e n t  p h o t o s e n s i t i z a t i o n  phenom enon . I t  h a s  b e e n  s u g g e s t e d  
t h a t  p a t i e n t s  s u f f e r i n g  from  t h e  i n h e r i t e d  d i s o r d e r  X eroderm a  
p ig m e n to su m  (XP) h a v e  l e w  l e v e l s  o f  PRE ( S u t h e r l a n d  and O l i v e r ,
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1 9 7 5 ;  S u t h e r l a n d  e t  a l . ,  1 9 7 5 ) ,  w i t h  v a l u e s  r a n g i n g  f r c m  0 t o  40  
p e r  c e n t  o f  n o r m a l .
T he d e m o n s t r a t i o n  o f  p h o t o e n z y m a t i c  r e p a i r  i n  human c e l l s  i n  
v i v o  h a s  b e e n  p a r t i c u l a r l y  c o n t r o v e r s i a l .  S u t h e r l a n d  e t  a l .  ( 1 9 8 0 )  
h a v e  u s e d  t h e  M. l u t e u s  UV e n d o n u c l e a s e / a l k a l i n e  a g a r o s e  g e l  
e l e c t r o p h o r e s i s  t e c h n i q u e  t o  d e m o n s t r a t e  t h e  p r e s e n c e  o f  c y c l o -  
b u t a d i p y r i m i d i n e  d i m e r s  i n  t h e  DNA o f  human s k i n  f o l l o w i n g  J j i  v i v o  
i r r a d i a t i o n  w i t h  s u b - e r y t h e m a l  f l u e n c e s  o f  UV r a d i a t i o n  from  F S -2 0  
s u n la m p  f l u o r e s c e n t  t u b e s .  E v e n  f e w e r  e n d o n u c l e a s e - s e n s i t i v e  s i t e s  
w e r e  d e t e c t e d  a f t e r  20 m i n u t e s  p o s t -U V  i r r a d i a t i o n  w i t h  v i s i b l e  
l i g h t  t h a n  w h en  t h e  a r e a  w a s  k e p t  i n  t h e  d a r k ,  s u g g e s t i n g  t h a t  
p h o t o r e a c t i v a t i o n  c a n  make a c o n t r i b u t i o n  t o  t h e  t o t a l  r e p a i r  
p r o c e s s .  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  by D ' M b r o s i o  e t  a l .  ( 1 9 8 1 )  
u s i n g  t h e  U V - e n d o n u c l e a s e / a l k a l i n e  s e d i m e n t a t i o n  t e c h n i q u e ,  and  
w i t h  l u p u s  e r y t h e m a t o s u s  c e l l s  ( D ' A n b r o s i o ,  1 9 8 3 ) .  H ow ever ,
Z w e t s l o o t  e t  a l .  ( 1 9 8 5 )  d i d  n o t  d e t e c t  an y  P R - l i g h t - i n d u c e d  
r e d u c t i o n  i n  u n s c h e d u l e d  DNA s y n t h e s i s  (UDS) i n  r e p a i r  p r o f i c i e n t  
human f i b r o b l a s t s ,  s u g g e s t i n g  t h a t  t h e r e  w a s  n o  l i g h t - i n d u c e d  
r e p a i r  o f  p y r i m i d i n e  d im e r s  i n  t h i s  c e l l  l i n e .  U s i n g  t h e  m i c r o ­
i n j e c t i o n  t e c h n i q u e ,  Z w e t s l o o t  e t  a l .  ( 1 9 8 5 )  d e m o n s t r a t e d  t h a t  PRE 
f r c m  S . c e r e v i s i a e  and  t h e  c y a n o b a c t e r i a  A n a c y s t i s  n i d u l a n s  
s i g n i f i c a n t l y  r e d u c e s  t h e  l e v e l  o f  U V - in d u c e d  UDS a f t e r  e x p o s u r e  t o  
p h o t o r e a c t i v a t i n g  l i g h t .  P u r i f i e d  y e a s t  PRE w a s  a b l e  t o  r e d u c e  UDS 
t o  2 0 - 2 5  p e r  c e n t  o f  t h e  v a l u e  fo u n d  i n  n o n - i n j e c t e d  c e l l s ,  w h e r e a s  
PRE frcm  A. n i d u l a n s  g a v e  a r e d u c t i o n  t o  o n l y  7 0  p e r  c e n t ,  
s u g g e s t i n g  t h a t  t h e  e u k a r y o t i c  en zym e i s  m o re  e f f i c i e n t  i n  t h e  
r e m o v a l  o f  p y r i m i d i n e  d i m e r s  fr c m  m am m alian c h r c m a t i n  t h a n  i t s  
p r o k a r y o t i c  e q u i v a l e n t .  F u r t h e r m o r e ,  Z w e t s l o o t  e t  a l .  ( 1 9 8 6 )  fo u n d  
t h a t  t h e  r e d u c t i o n  o f  UDS a f f o r d e d  by m i c r o - i n j e c t i o n  o f  p u r i f i e d
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y e a s t  PRE w a s  l e s s  I n  f i b r o b l a s t s  front XP c o m p l e m e n t a t i o n  g r o u p s  
C, F an d  I  com p ared  w i t h  w i l d - t y p e  an d  X P - v a r i a n t  c e l l  l i n e s ,  
w h e r e a s  n o  r e d u c t i o n  i n  UDS w a s  s e e n  i n  f i b r o b l a s t s  b e l o n g i n g  t o  
g r o u p s  A ,D , E and H. The a u t h o r s  s u g g e s t e d  t h e s e  d a t a  i n d i c a t e d  
t h a t  t h e  g e n e t i c  r e p a i r  d e f e c t  i n  som e X P - s t r a i n s  may be  
a t t r i b u t a b l e  t o  a l t e r e d  a c c e s s i b i l i t y  t o  t h e  UV-damaged s i t e s .
2 . 1 . 6 . 5  C o m p a r a t iv e  H a n o lo q y
M eechan e t  a l .  ( 1 9  8 6 )  e v a l u a t e d  t h e  d e g r e e  o f  hom ology  b e t w e e n  
t h e  c l o n e d  33. c o l l  and  y e a s t  DNA p h o t o l y a s e  g e n e s  and human g e n o m ic  
DNA an d  mRNA s e q u e n c e s  by h y b r i d i z a t i o n  a n a l y s i s .  The c l o n e d  
s e q u e n c e s  f a i l e d  t o  h y b r i d i z e  t o  e a c h  o t h e r ,  e v e n  u n d er  
n o n - s t r i n g e n t  c o n d i t i o n s  an d  t h e y  o n l y  sh ew ed  w ea k  h y b r i d i z a t i o n  
w i t h  human DNA o r  mRNA u n d e r  s i m i l a r  n o n - s t r i n g e n t  c o n d i t i o n s .  The  
a u t h o r s  w e r e  u n a b l e  t o  c o n c l u d e  w h e t h e r  t h i s  i n d i c a t e s  s e q u e n c e  
d i v e r g e n c e  f o r  p r o k a r y o t i c  an d  e u k a r y o t i c  p h o t o r e a c t i v a t i o n  g e n e s ,  
o r  t h e  a b s e n c e  o f  s u c h  g e n e s  f r a n  t h e  m am m alian genom e.
As d i s c u s s e d  b e f o r e ,  Y a s u i  and  L a n g e v e l d  ( 1 9 8 5 )  an d  S a n c a r  
( 1 9 8 5 b )  h a v e  co m p a red  t h e  c l o n e d  y e a s t  p h r l  and 33. c o l  1 phrB DNA 
p h o t o l y a s e  g e n e s  and  h a v e  f o u n d  a 3 5  p e r  c e n t  h o m o lo g y  b e t w e e n  t h e  
d e d u c e d  am in o  a c i d  s e q u e n c e s ,  s u g g e s t i n g  t h a t  b o th  g e n e s  may h a v e  a 
common a n c e s t r a l  o r i g i n .  I n  a d d i t i o n ,  S a n c a r  ( 1 9 8 5 a )  h a s  c l o n e d  
t h e  3 . 3  kb P v u I I  f r a g m e n t  c a r r y i n g  t h e  S,. c e r e v i s i a e  p h r l  g e n e  i n t o  
a n  33. c o l i  e x p r e s s i o n  v e c t o r  and d e m o n s t r a t e d  c o m p l e m e n t a t i o n  o f  
t h e  E . c o l i  phrB m u t a t i o n .  T h i s  f i n d i n g  i n d i c a t e s  t h a t  t h e r e  a r e  
n o  i n t r o n s  i n  t h e  y e a s t  p h r l  s e q u e n c e  and t h e  c h ro m o p h o re  o f  t h e  
en zy m e  c a n  be  s u b s t i t u t e d  b y  a  c h r c m o p h o r ic  e n t i t y  p r e s e n t  i n  33. 
c o l i . S i m i l a r l y ,  L a n g e v e l d  e t  a l .  ( 1 9 8 5 )  h a v e  e x p r e s s e d  t h e  33.
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c o l l  phrB g e n e  i n  £>. c e r e v i s i a e , i n d i c a t i n g  t h a t  t h e  p r o k a r y o t i c  
PRE c a n  g a i n  a c c e s s  t o  and  r e p a i r  t h e  e u k a r y o t i c  DNA, n o t ­
w i t h s t a n d i n g  t h e  d i f f e r e n t  ch ro m o so m a l s t r u c t u r e .
T a b l e  1 s u m m a r i s e s  t h e  p r i n c i p l e  p r o p e r t i e s  o f  t h e  DNA 
p h o t o l y a s e s  c h a r a c t e r i z e d  t o  d a t e .
M echan ism  o f  A c t i o n
A l t h o u g h  a g r e a t  d e a l  o f  e l e g a n t  b i o c h e m i c a l  and p h o t o -  
b i o l o g i c a l  w ork  h a s  r e s u l t e d  i n  t h e  c h a r a c t e r i z a t i o n  o f  DNA p h o t o ­
l y a s e  a c t i v i t i e s  i n  many s p e c i e s ,  l i t t l e  i s  s t i l l  known a b o u t  t h e  
n a t u r e  o f  t h e  b i n d i n g  r e a c t i o n  w i t h  t h e  d im er  and t h e  m e c h a n ism  o f  
d i m e r - s p l i t t i n g .
H e l e n e  and  C h a r i i e r  ( 1 9 7 7 )  h a v e  d e s c r i b e d  t h e  p h o t o s e n s i t i z e d  
s p l i t t i n g  o f  d i m e r s  by i n d o l e s  and  i n d o l e  d e r i v a t i v e s ,  b u t  o n l y  
w i t h  w a v e l e n g t h s  up t o  350  nra. T h e se  m o i e t i e s  d o n a t e  a n  e l e c t r o n  
t o  t h e  d im er  d u r i n g  t h e  m o n c m e r i z a t l o n  p r o c e s s  v i a  a s t a c k e d  
i n d o l e - d i m e r  s t r u c t u r a l  i n t e r m e d i a t e .  H o w ev er ,  d e s p i t e  t h e  w a v e ­
l e n g t h  b e i n g  o u t s i d e  t h e  a c t i n i c  r e g i o n  f o r  PER, i t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t  b o t h  t h e  5 0 -k D a  E.  c o l i  p h o t o l y a s e  an d  t h e  p h r l  
p h o t o l y a s e  fr c m  S.. c e r e v i s i a e  a r e  u n u s u a l l y  r i c h  i n  t r y p t o p h a n  
( S a n c a r ,  1 9 8 5 b ) .  T he  p o s i t i o n s  o f  n i n e  t r y p t o p h a n s  a r e  c o n s e r v e d  i n  
b o t h  e n z y m e s ,  i n c l u d i n g  s i x  t r y p t o p h a n s  i n  t h e  h i g h l y  c o n s e r v e d  
c a r b o x y  t e r m i n a l  r e g i o n s  ( 5 0  p e r  c e n t )  c o m p a r e d  w i t h  3 0 - 3 5  p e r  c e n t  
o v e r a l l  h o m o lo g y  ( S a n c a r ,  1 9 8 5 b ;  Y a s u i  and L a n g e v e l d ,  1 9 8 5 ) .  T he  
s e c o n d a r y  s t r u c t u r e  s u g g e s t e d  by t h i s  h o m o lo g y  i s  i n d i c a t i v e  o f  
a l t e r n a t i n g  ( Y - h e l i c e s  and  j S - s h e e t s ,  s u c h  a s  a r e  f o u n d  i n  FAD 
b i n d i n g  d o m a in s  ( S a n c a r ,  1 9 8 5 b ) .  No t r y p t o p h a n  r e s i d u e s  w e r e  
d e t e c t e d  i n  t h e  4 0 -k D a  E.  c o l i  DNA p h o t o l y a s e  (S n a p k a  and  
S u t h e r l a n d ,  1 9 8 0 ) .












S a c c h a r c m y c e s  
c e r e v i s i a e 2
I  5 3 , 0 0 0  
1 3 0 , 0 0 0  
( 8 5 ,0 0 0 + 6  0 ,  0 0 0 )
4 A, 5 , - r e d u c e d  
A c t i v a t o r * ? I I
3 5 O - [ 3 8 0 ] - 4 2 0  
N o t  P u b l i s h e d
S t r e p t  a n y c e s  
q r i s e u s
1 4 3 , 0 0 0 7 , S - d i d e m e t h y l -  
S - h y d r o x y - S -  
d e a z a f l a v  i n
4 0 0 - [ 4 4 5 ] - 4 7 0
E s c h e r i c h i a
c o l i
2
A 3 5 , 2 0 0  
B 4 9 , 0 0 0
RNA
N e u t r a l  F l a v i n  
R a d i c a l  + 
'S e c o n d  c h r o m o p h o r e '
3 2 0 - [ 3 6 0 ] - 4 2 0  
3 5 0 - [ 3 8 4 ] - 4 2 0
Homo s a p i e n s  1 4 0 , 0 0 0  None i d e n t i f i e d  3 0 0 - [ 4 0 5 ] - 6 0 0
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P ac e t  a l .  ( 1 9 8 2 )  h a v e  s u g g e s t e d  a m ech a n ism  o f  d im e r -  
s p l i t t i n g  v i a  a c a t i o n  o r  a n i o n  r a d i c a l  i n t e r m e d i a t e ,  w h ic h  i s  
fo r m e d  by p h o t o c h e m i c a l  e l e c t r o n  t r a n s f e r  b e t w e e n  t h e  p h o t o l y a s e  
m o l e c u l e  and  t h e  p y r i m i d i n e  d im e r .  In  t h e i r  s t u d y  t h e y  
d e m o n s t r a t e d  c a t a l y t i c  d i m e r - s p l i t t i n g  by a p h o t o g e n e r a t e d  c a t i o n  
r a d i c a l  o f  a r o n a t i c  h y d r o c a r b o n s .  Pac e t  a l .  ( 1 9 8 2 )  p o s t u l a t e d  
t h a t  o x i d a t i o n  p o t e n t i a l  s h o u l d  be t a k e n  i n t o  c o n s i d e r a t i o n  a s  o n e  
o f  t h e  e s s e n t i a l  f a c t o r s  d e t e r m i n i n g  t h e  f e a s i b i l i t y  o f  p h o t o ­
s e n s i t i z e d  d im e r  s p l i t t i n g .  Syn  d im e r s ,  w h ic h  a r e  a l l  r e a c t i v e  t o  
r e d o x  p h o t o s e n s i t i z a t i o n ,  h a v e  lo w e r  o x i d a t i o n  p o t e n t i a l s  t h a n  t h e  
u n r e a c t i v e  a n t i  d i m e r s .  They fo u n d  t h a t  t h e  o x i d a t i o n  p o t e n t i a l  o f  
N -N ’ - d i m e t h y l - 5 , 6 - d i h y d r o t h y m i n e  (DMT) w as v e r y  s i m i l a r  t o  t h o s e  o f  
1 a n t i ' d i m e r s  and  c o n s i d e r a b l y  h i g h e r  t h a n  t h e  r e a c t i v e  ' s y n ' 
d i m e r s ;  s u g g e s t i n g  t h a t  w h en  a d im er b e t w e e n  t w o  DMT m o l e c u l e s  i s  
fo r m e d  w i t h  * s y n * c h e m i s t r y ,  t h e r e  m u st  be s i g n i f i c a n t  e l e c t r o n  
p e r t u r b a t i o n  w h i c h  i s  n o t  o b s e r v e d  i n  t h e  * a n t i ' c o n f o r m a t i o n .
Su ch  p e r t u r b a t i o n s  c a n  b e  e x p l a i n e d  i n  p a r t  by ' t h r o u g h - b o n d *  
i n t e r a c t i o n s  b e t w e e n  t h e  ' n' o r b i t a l ,  N ( 1 )  and N ( 1 ' )  i n v o l v i n g  
t h e  C ( 6 ) -  C ( 6 ' )  b o n d  ( F i g .  9 ) .  Syn d im e r s  a r e  s t r u c t u r a l l y  
f a v o u r a b l e  f o r  ' t h r o u g h - b o n d '  i n t e r a c t i o n s  b e c a u s e  o f  t h e  
r e l a t i v e l y  E m a il  d i h e d r a l  a n g l e s  b e tw e e n  t h e  C ( 6 ) - C ( 6 ' )  b on d  and  




F i g .  9. 'T h r o u g h -b o n d '
i n t e r a c t i o n  i n  a
/ 2 ' s y n ' d im e r .
P a c  e t  a l .  ( 1 9 8 2 )  s u g g e s t e d  t h a t  w h en  a  c h a r g e  t r a n s f e r  
c o m p le x  i s  fo r m e d  b e t w e e n  a d im er  and a c a t i o n  r a d i c a l  o f  t h e  
p h o t o s e n s i t i z e r ,  t h e  p a r t i a l  p o s i t i v e  c h a r g e  c a n  b e  p o p u l a t e d  o n  
t h e  d im er  by c h a r g e  r e s o n a n c e ,  p r o b a b ly  on  t h e  N ( l ) - C ( 6 ) -  
C ( 6 ' ) - N ( 1 * )  a r r a y  f o r  t h e  m o s t  p a r t  s i n c e  t h e  n o r b i t a l s  o f  N ( l )  
a n d  N ( l ' )  l a r g e l y  c o n t r i b u t e  t o ,  or  c o n s t i t u t e  t h e  h i g h e s t  o c c u p i e d  
m o l e c u l a r  o r b i t a l .  The n e t  r e s u l t  i s  t o  i n c r e a s i n g l y  e l o n g a t e  t h e  
C ( 6 ) - C ( 6 ' )  bon d  by t h e  d e v e lo p m e n t  o f  a p a r t i a l  p o s i t i v e  c h a r g e .  
T h u s ,  by t h i s  m e c h a n is m ,  d i m e r s  w h ic h  l a c k  ' t h r o u g h - b o n d '  i n t e r ­
a c t i o n  a r e  i n h e r e n t l y  i n c a p a b l e  o f  s p l i t t i n g  v i a  a  c h a r g e - t r a n s f e r  
c o m p le x .  C l s - s y n  p y r i m i d i n e  d im e r s  a r e  m ore  s t r a i n e d  t h a n  t r a n s -  
s y n , b e c a u s e  o f  t h e  c i s  l o c a t i o n  o f  t h e  tw o  p y r i m i d i n e  r i n g s .  
S i m i l a r l y ,  s t e r i c  c o n s i d e r a t i o n s  may be u s e d  t o  e x p l a i n  t h e  r a t e  o f  
d im e r  s p l i t t i n g  o b s e r v e d  by S e t l o w  and C a r r i e r  ( 1 9 6 6 ) ,  t h e  o r d e r  
b e i n g  T -T  > C-T > C-C.
I n  a  r e c e n t  s t u d y ,  H e e l  i s  and  S a n c a r  ( 1 9 8 6 )  h a v e  i n v e s t i g a t e d  
t h e  e f f e c t  o f  i l l u m i n a t i o n  o n  t h e  f l a v i n  n e u t r a l  b l u e  r a d i c a l  
a s s o c i a t e d  w i t h  t h e  5 0 -k D a  JE. c o l i  DNA p h o t o l y a s e .  L a s e r  f l a s h  
p h o t o l y s i s  a t  53 2 rm r e d u c e d  t h e  f l a v i n  and  p r o d u c e d  a t r a n s i e n t  
a b s o r p t i o n  band a t  4 2 0  nm, p r o b a b l y  r e p r e s e n t i n g  t h e  l c w e s t  e x c i t e d  
d o u b l e t  s t a t e  o f  t h e  r a d i c a l .  H e e l i s  and  S a n c a r  ( 1 9 8 6 )  s u g g e s t  
t h a t  t h e  p r im a r y  s t e p  i n  p h o t o r e d u c t i o n  i n v o l v e s  a n  e l e c t r o n  d o n o r  
t h a t  i s  a  c o n s t i t u e n t  o f  t h e  enzym e i t s e l f .
E ----  2 FADH** E -  1FADH2
DH “ D*
T h e t e n d e n c y  o f  t h e  f l a v i n  r a d i c a l  t o  becom e p h o t o r e d u c e d
*
s u g g e s t s  t h a t  e l e c t r o n  d o n a t i o n  by E-FADH* t o  p y r i m i d i n e  i s
u n l i k e l y .  H o w ev er ,  H e e l  i s  and  S a n c a r  ( 1 9 8 6 )  s u g g e s t  t h a t  a
. *
m e c h a n is m  i n v o l v i n g  e l e c t r o n  p h o t o r e d u c t i o n  o f  E-FADH f o l l o w e d  by 
e l e c t r o n - d o n a t i o n  by E-FADH ^  t o  t h e  p y r i m i d i n e  d im er  w o u ld  seem  
p l a u s i b l e .
C o n c l u d i n g  Rem arks
T he i s o l a t i o n  o f  h i g h l y  p u r i f i e d  p h o t o r e a c t i v a t i n g  e n z y m e s  h a s  
l e d  t o  t h e  e l u c i d a t i o n  o f  t h e  c h r a n o p h o r i c  e n t i t i e s  and  r e a c t i o n  
k i n e t i c s  i n  many s p e c i e s .  H ow ever , i t  i s  a s o b e r i n g  t h o u g h t  t h a t  
d e s p i t e  b e i n g  t h e  f i r s t  DNA r e p a i r  m e c h a n ism  t o  b e  d i s c o v e r e d  and  
p r o b a b l y  t h e  s i m p l e s t ,  much h a s  y e t  t o  be l e a r n e d  a b o u t  t h e  
m e c h a n ism  o f  s p e c i f i c  b i n d i n g  o f  ERE t o  U V - i r r a d i a t e d  DNA; t h e  
n a t u r e  o f  t h e  p h o t o c h e m i c a l  r e a c t i o n ;  t h e  r e g u l a t i o n  o f  ERE 
a c t i v i t y  and t h e  i n t e r a c t i o n  b e t w e e n  p h o t o e n z y m a t i c  r e p a i r  an d  
o t h e r  DNA and c e l l u l a r  r e p a i r  m e c h a n is m s .
2 . 2  N u c l e o t i d e  E x c i s i o n  R e p a i r
N u c l e o t i d e  e x c i s i o n  r e p a i r  w a s  i n i t i a l l y  r e c o g n i s e d  by t h e
a b i l i t y  o f  U V - i r r a d i a t e d  E^ c o l i  s t r a i n s  t o  u n d e r g o  r e c o v e r y  d u r i n g
p o s t - U V  i n c u b a t i o n  i n  t h e  d a r k .  B o th  S e t l c w  and C a r r i e r  ( 1 9 6 4 )  and
B o y c e  an d  H c w a r d - F la n d e r s  ( 1 9 6 4 )  sh ew ed  t h a t  i n  m o s t  U V - i r r a d i a t e d
IS. c o l i  s t r a i n s ,  t h y m i n e - c o n t a i n i n g  p y r i m i d i n e  d im e r s  w e r e  l o s t
fro m  t h e  a c i d - i n s o l u b l e  f r a c t i o n  o f  t h e  DNA an d  a p p e a r e d  i n  t h e
a c i d - s o l u b l e  p h a s e  d u r i n g  p o s t -U V  i n c u b a t i o n .  H cw ev er ,  t h i s
p h en om en on  w a s  n o t  s e e n  i n  s t r a i n s  u n a b le  t o  u n d e r g o  h o s t - c e l l
r e a c t i v a t i o n  s u c h  a s  B , ,  nor i n  K-12 s t r a i n s  d e f e c t i v e  a t  t h es - 1
uvrA  l o c u s .  F u r t h e r m o r e ,  g e n e t i c  l o c i  te r m e d  uvrB and uvrC w e r e  
a l s o  i m p l i c a t e d  i n  e x c i s i o n  r e p a i r  i n  K-12 s t r a i n s .
The uvrA , uvrB and uvrC g e n e s  h a v e  b e e n  c l o n e d  and t h e  
p r o t e i n s  i s o l a t e d  i n  v i t r o  ( f o r  a  r e v i e w  s e e  S a n c a r  and Rupp, 1 9 8 3 ;  
Thomas e t  a l . ,  19 8 5 ) .
The uvrA  g e n e  c o d e s  f o r  a  s i n g l e  p o l y p e p t i d e  o f  Mr 1 0 3 , 8 6 6  o f  
w h i c h  t h e r e  a r e  a p p r o x i m a t e l y  2 0  c o p i e s  p e r  c e l l  ( S a n c a r  e t  a l . ,  
1 9 8 1 c ) .  S a n c a r  e t  a l .  ( 1 9 8 2 a )  h a v e  s e q u e n c e d  t h e  uvrA  g e n e  and  
f o u n d  a  LEXA b i n d i n g  s i t e  o v e r l a p p i n g  t h e  - 3 5  s e q u e n c e  o f  t h e  
p r o m o t e r .  LEXA p r o t e i n  m a r k e d ly  i n h i b i t e d  t r a n s c r i p t i o n  o f  t h e  
u vrA  g e n e  Jjn v i t r o ,  s u g g e s t i n g  t h a t  e x c i s i o n  r e p a i r  i s  u n d er  SOS 
c o n t r o l  ( s e e  S e c t i o n  2 . 4 ) .
T he c l o n e d  uvrB g e n e  c o d e s  f o r  a p o l y p e p t i d e  o f  Mr 7 6 , 1 1 8  o f  
w h i c h  t h e r e  a r e  1 5 0 - 2 0 0  c o p i e s  i n  u n in d u c e d  c e l l s  ( S a n c a r  e t  a l . ,  
1 9 8 1 a ) .  The s e q u e n c e  o f  t h e  UVRB p r o t e i n  sh o w s som e h o m o lo g y  w i t h  
t h e  UVRC p r o t e i n  and  t o  t h e  ATP b i n d i n g  s i t e  o f  t h e  UVRA p r o t e i n .  
T he r e g u l a t i o n  o f  t h e  uvrB g e n e  i s  c o m p le x  and  n o t  f u l l y  u n d e r ­
s t o o d ,  h a v i n g  t h r e e  p r o m o t e r s  o n  t h e  5 '  s i d e ,  o n l y  on e  o f  w h ic h  i s  
u n d e r  LEXA c o n t r o l  ( S a n c a r  e t  a l . , 1 9 8 2 b ) .  In  a d d i t i o n ,  t h e r e  i s  a
r e p e t i t i v e  e x t r a g e n i c  p a l i n d r o m e  on  t h e  3 '  s i d e ,  i m p l i c a t i n g  a  
f u r t h e r  unknown r e g u l a t o r y  m ec h a n ism , p o s s i b l y  i n v o l v i n g  mRNA 
s t a b i l i t y  ( A r i k a n  e t  a l . ,  1 9 8 6 ) .  S a n c a r  e t  a l .  ( 1 9 8 1 b )  h a v e  
i d e n t i f i e d  t h e  uvrC g e n e  p r o d u c t  a s  b e i n g  a s i n g l e  p o l y p e p t i d e  o f  
Mr 6 6 , 0 3 8 ,  w h ic h  h a s  DNA b i n d i n g  a c t i v i t y .  H o w ev er ,  t h e  g e n e  i s  
n o t  U V - i n d u c i b l e  (M o o le n a a r  e t  a l . ,  1 9 8 7 ) .
U s i n g  t h e s e  p u r i f i e d  p r o t e i n s ,  S a n c a r  and Rupp ( 1 9 8 3 )  r e ­
c o n s t i t u t e d  t h e  UVR ABC n u c l e a s e  a c t i v i t y  jLn v i t r o .  The n u c l e a s e
2+h a d  a n  a b s o l u t e  r e q u i r e m e n t  f o r  ATP an d  Mg i o n s .  U s i n g  UV- 
i r r a d i a t e d  pBR3 22 DNA, M a x a m -G ilb e r t  s e q u e n c e  a n a l y s i s  i n d i c a t e d  
t h a t  t h e  UVR ABC n u c l e a s e  h y d r o l y s e s  t h e  e i g h t h  p h o s p h o d i e s t e r  bond  
5 '  t o  a p y r i m i d i n e  d im er  or  [ 6 - 4 ]  p h o t o p r o d u c t  an d  a t  t h e  f o u r t h  
p h o s p h o d i e s t e r  bond  3 '  t o  T -C , C-C an d  C-T d i m e r s ,  b u t  a t  t h e  
f o u r t h  o r  f i f t h  p h o s p h o d i e s t e r  bond f r a n  p o t e n t i a l  T-T d i m e r s .  
T hus t h e  UVR ABC e x c i s i o n  n u c l e a s e  r e m o v e s  a 1 2 -  o r  1 3 - n u c l e o t i d e  
l o n g  s i n g l e - s t r a n d e d  DNA f r a g m e n t  t o  p r o d u c e  a g a p  o f  t h a t  s i z e ^  
w h i c h  i s  t h e n  f i l l e d  an d  s e a l e d  by DNA p o l y m e r a s e  I  and  l i g a s e .
I t  w a s  fo u n d  t h a t  t h e  UVR ABC e x c i s i o n  n u c l e a s e  d i d  n o t  
d i s s o c i a t e  from  DNA i n  t h e  a b s e n c e  o f  o t h e r  p r o t e i n s  i m p l i c a t e d  i n  
e x c i s i o n  r e p a i r .  H u s a in  e t  a l .  ( 1 9 8 5 )  fo u n d  t h a t  w h en  u s e d  a lo n e *  
n e i t h e r  t h e  p u r i f i e d  DNA p o ly m e r a s e  I  (p o l B  g e n e  p r o d u c t )  o r  
h e l i c a s e  I I  ( uvrD g e n e  p r o d u c t )  h a d  an y  s i g n i f i c a n t  e f f e c t  o n  t h e  
i n i t i a l  r a t e  o f  e x c i s i o n  n u c l e a s e  a c t i v i t y  or  t u r n o v e r  o f  t h e  
e n z y m e .  H ow ever , w hen u s e d  t o g t h e r ,  t h e  r a t e  o f  i n c i s i o n  w a s  n o t  
i n c r e a s e d ,  s u g g e s t i n g  t h a t  t h e y  do n o t  a s s i s t  i n  s u b s t r a t e  
r e c o g n i t i o n  and  n u c l e o l y t i c  a c t i v i t y ,  b u t  t h e  t u r n o v e r  r a t e  o f  t h e  
en zym e J j i  v i t r o  a p p r o a c h e d  t h a t  m e a s u r e d  J j i  v i v o .
H u s a i n  e t  a l .  ( 1 9 8 5 )  an d  Y eung e t  a l .  ( 1 9 8 6 )  h a v e  p r o p o s e d  a  
m o d e l  f o r  n u c l e o t i d e  e x c i s i o n  r e p a i r  w h i c h  i s  sh ew n  i n  F i g .  1 0 .
F i g . 10 . S c h e m a t i c  i l l u s t r a t i o n  o f  t h e  m o d e l  f o r  N u c l e o t i d e  
E x c i s i o n  R e p a i r  p r o p o s e d  b y  H u s a in  an d  S a n c a r  (1 9 8 5 )
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B r i e f l y ,  t h e  UVRA p r o t e i n  i s  an  ATPase w h ic h  s c a n s  DNA and  s t o p s  
w h e n  i t  e n c o u n t e r s  a  n u c l e o t i d e  a d d u c t .  The UVRB p r o t e i n  b i n d s  t o  
a n d  s t a b i l i z e s  t h e  UVRA p r o te in -D N A  c o m p le x ,  r e s u l t i n g  i n  a 2 t o  
3 - f o l d  s t i m u l a t i o n  o f  UVRA ATPase a c t i v i t y .  UVRC p r o t e i n  b i n d s  t o  
t h e  UVRA-UVRB-DNA t e r n a r y  c o m p le x  t o  c o n s t i t u t e  UVR ABC e x c i s i o n  
n u c l e a s e ,  w h ic h  c u t s  t h e  8 t h  p h o s p h o d i e s t e r  bond  5 '  and t h e  4 t h  ( o r  
5 t h )  p h o s p h o d i e s t e r  bond 3 '  t o  t h e  a d d u c t .  A f t e r  i n c i s i o n ,  UVRC 
p r o t e i n  may be  r e l e a s e d  by h e l i c a s e  I I ;  h o w e v e r ,  t h e  o t h e r  tw o  
s u b u n i t s  r e m a in  a t  t h e  c u t t i n g  s i t e .  The UVRA an d  UVRB p r o t e i n s ,  
t o g e t h e r  w i t h  t h e  e x c i s e d  o l i g o n u c l e o t i d e ,  a r e  d i s p l a c e d  by t h e  
c o m b in e d  a c t i o n  o f  DNA p o ly m e r a s e  I  and h e l i c a s e  I I .  The e x c i s i o n  
g a p  i s  f i l l e d  i n  by t h e  p o ly m e r a s e  a s  t h e  d i s p l a c e m e n t  o c c u r s  and  
l i g a s e  s e a l s  t h e  r e s u l t i n g  n i c k .  Caron e t  a l .  ( 1 9 8 5 )  fo u n d  t h a t  
DNA p o l y m e r a s e  I  c a n n o t  i n i t i a t e  n u c l e o t i d e  i n c o r p o r a t i o n  i n t o  
n i c k e d  DNA i n  t h e  a b s e n c e  o f  h e l i c a s e  I I .  The a u t h o r s  s u g g e s t e d  
t h e  UVR ABC p r o t e i n  may p r o t e c t  n i c k s  frcm  e x o n u c l e a s e  a t t a c k  u n t i l  
t h e  r e s t  o f  t h e  r e p a i r  m a c h in e r y  a r r i v e s .  M atson  ( 1 9 8 6 )  f o u n d  t h e  
h e l i c a s e  a c t i v i t y  o f  t h e  uvrD g e n e  p r o d u c t  t r a n s l o c a t e s  a l o n g  DNA 
i n  a  3 ' —^  5 '  d i r e c t i o n  and i s  m a i n t a i n e d  o n  t h e  t e m p l a t e  s t r a n d ,  
c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  i t  d i s p l a c e s  t h e  i n c i s e d  
f r a g m e n t .  I t  i s  i n t r i g u i n g  t h a t  a s i m i l a r  i n c i s i o n  p a t t e r n  i s  
o b t a i n e d  u s i n g  d i f f e r i n g  damage s u b s t r a t e s ,  e v e n  t h o u g h  e a c h  c a u s e s  
d i f f e r e n t  t o p o l o g i c a l  c o n f i g u r a t i o n s .  Oh and G ro ssm a n  ( 1 9 8 6 )  
p o s t u l a t e d  t h a t  t h i s  c o n s t a n c y  o f  b r e a k a g e  s i t e s  i s  p r o b a b l y  
im p o s e d  o n  DNA by t h e  UVR p r o t e i n s .  U s in g  DNA u n w in d in g  s t u d i e s ,  
t h e s e  w o r k e r s  f o u n d  t h a t  i t  w a s  ATP b i n d i n g  t o  UVRA p r o t e i n  an d  n o t  
i t s  h y d r o l y s i s  w h ic h  im p o s e s  c o n f o r m a t i o n a l  c h a n g e s  i n  t h e  l a t t e r  
an d  s o  ' l o c k s '  t h e  p r o t e in - D N A  c o m p le x  i n t o  a p r o d u c t i v e  
c o n f o r m a t i o n .
55
E f f e c t s  o f  DNA P h o t o l y a s e  on  UVRABC E x c i s i o n  N u c l e a s e  A c t i v i t y
Yamamoto e t  a l .  ( 1 9  8 3 b )  h a v e  r e p o r t e d  t h e  o b s e r v a t i o n  t h a t  
w h e n  a  r e c A  s t r a i n  o f  I!, c o l i  i s  t r a n s f o r m e d  w i t h  a m u l t i c o p y  
p l a s m i d  pKYl c a r r y i n g  t h e  p h r  g e n e  o f  E. c o l i ,  i t s  e x t r e m e  UV 
s e n s i t i v i t y  i s  d e c r e a s e d  i n  y e l l c w  l i g h t ,  w h ic h  i s  n o t  e f f e c t i v e  i n  
p h o t o r e a c t i v a t i o n .  T h i s  w a s  n o t  s e e n  i n  s t r a i n s  c a r r y i n g  p h r : :  
TnlOOO p l a s m i d s ,  i n  w h i c h  p h r  g e n e  f u n c t i o n  w a s  i n a c t i v a t e d  by  
t r a n s p o s o n  i n s e r t i o n .  Yamamato e t  a l .  ( 1 9 8 3 a )  r e p o r t e d  s i m i l a r  
r e s u l t s  u s i n g  E .  c o l i  r e c A  pur A s t r a i n s ,  and c o n c l u d e d  t h a t  ERE 
p a r t i c i p a t e s  i n  t h e  p r o c e s s  o f  d a r k  r e p a i r  o f  UV-dam aged DNA. H ays  
e t  a l . ( 1 9 8 5 )  drew  a s i m i l a r  c o n c l u s i o n  frcm  s t u d i e s  w i t h  t h e  Lambda 
' p h a g e - r e p r e s s e d  i n f e c t i o n  s y s t e m .
I n  a  f u r t h e r  s t u d y  u s i n g  s t r a i n s  t r a n s f o r m e d  w i t h  p l a s m i d  
pK Y l, Yamamoto e t  a l .  ( 1 9 8 4 )  fo u n d  t h a t  t h e  i n c r e a s e d  U V - r e s i s t a n c e  
w a s  n o t  a p p a r e n t  i n  u v r A , u v r B , u vrC , l e x A , recB C  or  r e c F  
b a c k g r o u n d s .  T he s e n s i t i v i t y  o f  re c A  l e x A  and r e c A  recBC m u l t i p l e  
m u t a n t s  t o  UV i r r a d i a t i o n  w a s  s u p p r e s s e d  by t h e  p l a s m i d ,  b u t  t h a t  
o f  r e c A  u v rA , re c A  uvrB and r e c A  uvrC w a s  n o t .  T h e s e  r e s u l t s  
i n d i c a t e d  t h a t  t h e  REC BC n u c l e a s e  d o e s  n o t  h a v e  any  f u n c t i o n  i n  
t h e  d a r k  r e p a i r  c a p a c i t y  o f  p h o t o l y a s e .  The p l a s m i d  h a d  n o  e f f e c t  
o n  H f r - m e d i a t e d  g e n e t i c  r e c o m b i n a t i o n  e f f i c i e n c y  nor  d i d  i t  
i n f l u e n c e  t h e  l e v e l  o f  s p o n t a n e o u s  Lambda 'p h a g e  i n d u c t i o n  i n  a  
l y s o g e n i c  r e c A  s t r a i n .  T he  a u t h o r s  c o n c l u d e d  t h a t  t h e  d a r k - r e p a i r  
c a p a c i t y  o f  p h o t o l y a s e  i s  a s s o c i a t e d  w i t h  e x c i s i o n  r e p a i r .
U s i n g  U V - i r r a d i a t e d  pBR322 DNA and t h e  r e c o n s t i t u t e d  UVR ABC 
e x c i s i o n  n u c l e a s e  s y s t e m  i n  v i t r o ,  S a n c a r  e t  a l .  ( 1 9 8 4 a )  fo u n d  t h a t  
a d d i t i o n  o f  h i g h l y  p u r i f i e d  E^ . c o l i  DNA p h o t o l y a s e  s t i m u l a t e d  b o t h  
t h e  i n i t i a l  r a t e  and  e x t e n t  o f  t h e  c u t t i n g  r e a c t i o n  2 - f o l d .
H c w e v e r ,  no  s t i m u l a t i o n  w a s  o b s e r v e d  u s i n g  a c i s - p l a t i n u m  dam aged
s u b s t r a t e ,  i n d i c a t i n g  t h a t  t h e  e f f e c t  o f  p h o t o l y a s e  o n  t h e  a c t i v i t y  
o f  UVR ABC e x c i s i o n  n u c l e a s e  i s  s p e c i f i c  f o r  p y r i m i d i n e  d i m e r s .
T he  same r a t e  and  e x t e n t  o f  p h o t o r e a c t i v a t i o n  w a s  o b s e r v e d  
i r r e s p e c t i v e  o f  w h e t h e r  UVRA and UVRB p r o t e i n s  w e r e  p r e s e n t  or  
a b s e n t  i n  t h e  r e a c t i o n  m i x t u r e ,  s u g g e s t i n g  t h a t  t h e  b i n d i n g  o f  
t h e s e  s u b u n i t s  d o e s  n o t  a f f e c t  t h e  b i n d i n g  o f  p h o t o l y a s e .  DNA 
p h o t o l y a s e  w a s  f o u n d  t o  i n h i b i t  T4 e n d o n u c l e a s e  V , an  en zym e w h ic h  
r e p a i r s  o n l y  p y r i m i d i n e  d im e r s  by c l e a v i n g  t h e  N - g l y c o s y l  bond o f  
t h e  5 '  p y r i m i d i n e  and  t h e n  t h e  p h o s p h o d i e s t e r  b o n d  3 '  t o  t h e  n e w ly  
g e n e r a t e d  a p y r i m i d i n i c  d e o x y r i b o s e .  T h e s e  d a t a  i m p l i c a t e  t h e  
p y r i m i d i n e  d im er  i t s e l f  a s  b e i n g  t h e  i m p o r t a n t  s t r u c t u r e  f o r  
r e c o g n i t i o n  by b o t h  T4 e n d o n u c l e a s e  V and DNA p h o t o l y a s e .  S a n c a r  
e t  a l .  ( 1 9 8 4 a )  c o n c l u d e d  t h a t  s i n c e  t h e  i n c i s i o n  s i t e s  g e n e r a t e d  by  
UVR ABC n u c l e a s e  a r e  a p a r t  by a b o u t  on e  t u r n  o f  t h e  h e l i x ,  t h e  
enzym e b i n d s  t o  DNA o n  o n e  f a c e  t h a t  d o e s  n o t  i n c l u d e  t h e  tw o  
p y r i m i d i n e s  f o r m i n g  t h e  d im e r .  T h e r e f o r e ,  t h e  e x c i n u c l e a s e  d o e s  
n o t  i n t e r f e r e  w i t h  p h o t o l y a s e  b i n d i n g ,  w h ic h  r e c o g n i s e s  t h e  d im e r ,  
b u t  i n s t e a d  r e c o g n i s e s  t h e  h e l i c a l  d i s t o r t i o n  c a u s e d  by  t h e  dam age.  
I n  a s t u d y  u s i n g  v a r i o u s  damage s u b s t r a t e s ,  t h e  a u t h o r s  f o u n d  t h a t  
p s o r a l e n - p y r i m i d i n e  m o n o -  and d i - a d d u c t s  w e r e  t h e  b e s t  s u b s t r a t e s ,  
f o l l c w e d  by [ 6 - 4 ]  p h o t o p r o d u c t s ,  c e r t a i n  c l s - P la t in u m (N H ^ ) ^Cl^ 
a d d u c t s  and  t h e n  p y r i m i d i n e  d i m e r s .
I n  a r e c e n t  s t u d y ,  M y le s  e t  a l .  ( 1 9 8 7 )  h a v e  u s e d  DNA p h o t o ­
l y a s e  an d  a l k a l i  h y d r o l y s i s  t o  i n v e s t i g a t e  n o n - s t a n d a r d  i n c i s i o n  by 
UVRABC e x c i s i o n  n u c l e a s e .  They fo u n d  t h a t  b o t h  p y r i m i d i n e  d im e r s  
a n d  [ 6 - 4 ]  p h o t o p r o d u c t s  c o u l d  r e s u l t  i n  c u t t i n g  a t  t h e  7 t h  r a t h e r  
t h a n  t h e  8 t h  p h o s p h o d i e s t e r  bond 5 '  t o  t h e  dam age . By m e a s u r in g  
t h e  p h o t o l y a s e - i n d u c e d  s t i m u l a t i o n  o f  UVRABC e x c i s i o n  n u c l e a s e  
a c t i v i t y ,  t h e  a u t h o r s  w e r e  a b l e  t o  c o n c l u d e  t h a t  p h o t o l y a s e  d o e s
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n o t  b i n d  t o  [ 6 - 4 ]  p h o t o p r o d u c t s .  Hew e v e r ,  T-T  d im e r s  a r e  g o o d  
s u b s t r a t e s  f o r  b o t h  b i n d i n g  an d  p h o t o l y s i s  w h i l s t  T -C , C-T and i n  
p a r t i c u l a r  C-C d im e r s  a r e  n e i t h e r  bound n o r  r e p a i r e d  e f f i c i e n t l y .
2 . 3  DNA Damage T o l e r a n c e  an d  P o s t - r e p l i c a t i o n  R e p a i r
S e v e r a l  l i n e s  o f  e v i d e n c e  i n d i c a t e d  t h a t  n u c l e o t i d e  e x c i s i o n  
r e p a i r  w a s  n o t  t h e  o n l y  DNA r e p a i r  m ech a n ism  o c c u r r i n g  i n  t h e  d ark  
i n  E .  c o l i . F i r s t l y ,  b a c t e r i a l  s t r a i n s  d e f i c i e n t  i n  b o t h  e x c i s i o n  
r e p a i r  and g e n e t i c  r e c o m b i n a t i o n  w e r e  m ore s e n s i t i v e  t o  k i l l i n g  by  
UV r a d i a t i o n  t h a n  w e r e  s t r a i n s  c a r r y i n g  e i t h e r  m u t a t i o n  a l o n e ,  
s u g g e s t i n g  t h a t  g e n e t i c  r e c o m b i n a t i o n  may h a v e  scxne f u n c t i o n  i n  DNA 
r e p a i r .  S e c o n d l y ,  Rupp an d  H c w a r d - F la n d e r s  (1 9 6  8) d e m o n s t r a t e d  
t h a t  i n  a n  e x c i s i o n - r e p a i r - d e f i c i e n t  s t r a i n ,  n e w ly  s y n t h e s i z e d  DNA 
from  UV i r r a d i a t e d  c e l l s  s e d i m e n t e d  m o re  s l o w l y  t h a n  DNA frcm  n o n -  
UV i r r a d i a t e d  c e l l s ,  s u g g e s t i n g  t h e  p r e s e n c e  o f  d a u g h t e r - s t r a n d  
d i s c o n t i n u i t i e s ;  b u t  a f t e r  f u r t h e r  i n c u b a t i o n ,  t h e  s e d i m e n t a t i o n  
r a t e  o f  t h e  U V - i r r a d i a t e d  DNA a p p r o a c h e d  t h a t  o f  t h e  c o n t r o l  DNA.
The a u t h o r s  h y p o t h e s i z e d  t h a t  t h e  a d v a n c i n g  r e p l i c a t i v e  m a c h in e r y  
t e m p o r a r i l y  h a l t e d  w h en  i t  e n c o u n t e r e d  a U V - in d u c e d  p h o t o p r o d u c t ,  
and recom m en ced  s y n t h e s i s  sem e way d ow n stream  o f  t h e  dam age,  
r e s u l t i n g  i n  a d a u g h t e r  s t r a n d  gap  o p p o s i t e  t h e  dam age. A r e ­
c o m b i n a t i o n  e v e n t  b e t w e e n  h o m o lo g o u s  s i s t e r  s t r a n d s  w a s  p o s t u l a t e d  
t o  f i l l  t h e  g a p s .  The c o n c e p t s  o f  s t r a n d  e x c h a n g e  and  p o s t ­
r e p l i c a t i o n  r e p a i r  w e r e  d e r i v e d  fr c m  t h i s  w o r k .  The p u b l i s h e d  w o rk  
r e s u l t i n g  i n  t h e  m o d e l  show n i n  F i g .  1 1 .  h a s  b e e n  r e v i e w e d  by  
H o w a r d - F la n d e r s  ( 1 9 8 1 ) .  B r i e f l y ,  a  l e s i o n  i n  a  p a r e n t a l  s t r a n d  DNA 
r e s u l t s  i n  t h e  f o r m a t i o n  o f  a p o s t - r e p l i c a t i v e  d a u g h t e r - s t r a n d  g a p







Fig. 11. Schematic illustration of discontinuous semi­
conservative DNA replication with gap filling. See 
text for explanation. (Adapted from Friedberg, 1984).
t h e  c h r a n o s c m a l  map (Bachm ann, 1 9 8 3 ) ,  b i n d s  t o  t h e  s i n g l e - s t r a n d e d  
r e g i o n  and  a l i g n s  i t  w i t h  an  h o m o lo g o u s  r e g i o n  o f  t h e  s i s t e r  
d u p l e x .  The i n t e r a c t i o n  o f  RECA p r o t e i n  w i t h  s i n g l e - s t r a n d e d  DNA 
i s  s t a b i l i z e d  by t h e  s s b  g e n e  p r o d u c t ,  DNA s i n g l e - s t r a n d e d  b i n d i n g  
p r o t e i n .  When h o m o lo g o u s  p a i r i n g  i s  a c h i e v e d ,  an enzym e n i c k s  t h e  
d u p l e x  an d  t h e  f r e e  e n d  now c r o s s e s  w i t h  t h e  i s o l o g o u s  n e w ly  
s y n t h e s i z e d  d a u g h t e r  s t r a n d ,  p r o d u c i n g  a c r o s s e d - s t r a n d  e x c h a n g e
( 2 ) .  The g a p s  i n  t h e  h e t e r o d u p l e x e s  a r e  r e p a i r e d  by r e p a i r  
s y n t h e s i s  and  DNA l i g a t i o n  ( 3 ) .  The tw o  s t r a n d s  a r e  t h e n  c u t  and  
r e j o i n e d  ( 4 ) .  I t  m u s t  be rem em bered  t h a t  t h e  p r im a r y  l e s i o n  i s  
s t i l l  p r e s e n t .
T h e r e  a r e  tw o  m a in  p a t h w a y s  f o r  p o s t - r e p l i c a t i o n  r e p a i r  i n  32. 
c o l i . The r e c F +- d e p e n d e n t  p a th w a y  p r o m o te s  t h e  r e p a i r  o f  d a u g h t e r -  
s t r a n d  g a p s ,  w h e r e a s  t h e  recB C +- d e p e n d e n t  p a th w a y  r e p a i r s  DNA 
d o u b l e - s t r a n d  b r e a k s  a r i s i n g  from  u n r e p a i r e d  d a u g h t e r - s t r a n d  g a p s  
( d i s c u s s e d  by Wang a n d  S m i t h ,  1 9 8 6 ) .  H cw ev er ,  Wang an d  S m ith  
( 1 9 8 5 a )  d e m o n s t r a t e d  t h a t  t h e  sbcB s u p p r e s s i o n  o f  recB C  d e f i c i e n c y  
i s  a t t r i b u t a b l e  t o  i n a c t i v a t i o n  o f  DNA e x o n u c l e a s e  I ,  t h e  sbcB g e n e  
p r o d u c t .  T h i s  en zym e d e g r a d e s  s i n g l e - s t r a n d e d  DNA from  t h e  3 '  en d .
T he a u t h o r s  s u g g e s t e d  t h a t  t h e  p r e s e r v a t i o n  o f  3 '  s i n g l e - s t r a n d e d  
e n d s  o f  DNA d o u b l e - s t r a n d  b r e a k s  may p r o v i d e  a n  i n t e r m e d i a t e  f o r  
t h e  r e c F * - d e p e n d e n t  p a th w a y ,  w h i l s t  i n  t h e  sb cB *  recBC+ b a c k g r o u n d  
t h e  co m b in e d  e x o n u c l e a s e  I  an d  e x o n u c l e a s e  V ( recB C * g e n e  p r o d u c t )  
a c t i v i t i e s  p r o d u c e  b l u n t  e n d s  w h ic h  a r e  a  s u b s t r a t e  f o r  t h e  
h e l i c a s e  a c t i v i t y  o f  t h e  recB C + g e n e  p r o d u c t .  Wang an d  S m ith  
( 1 9  8 5 b )  s t u d i e d  t h e  e f f e c t  o f  t h e  umuC m u t a t i o n  o n  p o s t - r e p l i c a t i o n  
r e p a i r  i n  32. c o l i  B. T h ey  n o t e d  t h a t  umuC d e c r e a s e d  t h e  a b i l i t y  o f  
u v r B ,  uvrB r e c F , uvrB r e c B ,a n d  uvrB r e c F  recB  s t r a i n s  t o  r e p a i r  
d a u g h t e r - s t r a n d  g a p s ,  b u t  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  r e p a i r
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o f  d o u b l e - s t r a n d  b r e a k s  a r i s i n g  fr c m  u n r e p a i r e d  d a u g h t e r - s t r a n d  
g a p s .  T he  umuC m u t a t i o n  i n t e r a c t e d  m o s t  a d d i t i v e l y  i n  t h e  uvrB  
r e c B  r e c F  b a c k g r o u n d  s u g g e s t i n g  t h a t  t h e  t w o  r e p a i r  p r o c e s s e s  a c t  
o n  d i f f e r e n t  t y p e s  o f  DNA dam age . The a u t h o r s  c a l c u l a t e d  t h e  
f r e q u e n c y  o f  o v e r l a p p i n g  d a u g h t e r - s t r a n d  g a p s  i n  uvrB c e l l s  and  
f o u n d  i t  t o  be  g r e a t e r  t h a n  t h e  number o f  l e t h a l  h i t s .  They  
p o s t u l a t e d  a r o l e  f o r  umuC g e n e  p r o d u c t  i n  a m in o r  p a th w a y  i n  t h e  
r e p a i r  o f  d a u g h t e r - s t r a n d  g a p s ,  p o s s i b l y  o v e r l a p p i n g  r e g i o n s .
H c w e v e r ,  uvrB recB  r e c F  umuC s t r a i n s  c a n  s t i l l  u n d e r g o  ga p  f i l l i n g .
2 . 4  The SOS R e g u l a t o r y  S y s te m  o f  E s c h e r i c h i a  C o l i
JE. c o l i  e x h i b i t s  a  c o m p le x  and  d i v e r s e  r e s p o n s e  t o  many 
c o n d i t i o n s  w h i c h  damage DNA o r  i n h i b i t  DNA r e p l i c a t i o n .  Phenomena  
s u c h  a s  e n h a n c e d  c a p a c i t y  f o r  DNA r e p a i r  and  m u t a g e n e s i s ,  i n ­
h i b i t i o n  o f  c e l l  d i v i s i o n  ( f i l a m e n t a t i o n ) , and Lambda p r o p h a g e  
i n d u c t i o n  h a v e  b e e n  r e c o g n i s e d .  The e x i s t e n c e  o f  t h e  SOS s y s t e m  
w a s  h y p o t h e s i s e d  t o  a c c o u n t  f o r  t h e s e  s e e m i n g l y  u n r e l a t e d  
p h en o m e n a ,  u n d e r  t h e  c o - o r d i n a t e  c o n t r o l  o f  tw o  g e n e s  t e r m e d  re c A  
and l e x A . The p h y s i o l o g y  o f  t h e  SOS r e s p o n s e s  an d  t h e  e a r l y  w ork  
o n  t h e  g e n e t i c s  o f  l e x A  and r e c A  h a v e  b e e n  r e v i e w e d  by W i t k i n  
( 1 9 7 6 ) ,  w h i l s t  l a t e r  w o rk  h a s  b e e n  r e v i e w e d  by L i t t l e  an d  Mount 
( 1 9 8 2 )  a n d  W a lk e r  ( 1 9 8 4 ) .  I n  a n  u n in d u c e d  c e l l ,  t h e  p r o d u c t  o f  t h e  
l e x A  g e n e  a c t s  a s  a  r e p r e s s o r  f o r  many u n l i n k e d  g e n e s  i n c l u d i n g  
u v r A , u v r B , umuCD, s f i A  and t h e  r e g u l a t o r y  g e n e s  r e c A  and l e x A ,  by  
b i n d i n g  t o  s i m i l a r  o p e r a t o r  s e q u e n c e s  u p s tr e a m  o f  e a c h  g e n e .  The  
number o f  o p e r a t o r  s i t e s  v a r i e s  a c c o r d i n g  t o  t h e  g e n e ,  a s  d o e s  t h e  
a f f i n i t y  o f  LEXA p r o t e i n  b i n d i n g ,  t h u s  f a c i l i t a t i n g  d i f f e r e n t i a l  
e x p r e s s i o n  d e p e n d i n g  o n  t h e  c e l l u l a r  l e v e l  o f  LEXA r e p r e s s o r  
p r o t e i n .  When t h e  DNA i s  dam aged o r  i t s  r e p l i c a t i o n  i s  i n h i b i t e d ,
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an  i n d u c i n g  s i g n a l  i s  g e n e r a t e d .  T h i s  i n d u c i n g  s i g n a l ,  w h ic h  may 
b e s i n g l e - s t r a n d e d  DNA, s e r v e s  t o  a c t i v a t e  t h e  p r o t e a s e  a c t i v i t y  o f  
RECA p r o t e i n .  T h i s  a c t i v a t e d  RECA p r o t e i n  c l e a v e s  t h e  LEXA p r o t e i n  
a t  a n  a l a n i n e - g l y c i n e  p e p t i d e  b on d , r e n d e r i n g  i t  i n e f f e c t i v e  a s  an  
o p e r a t o r - r e p r e s s o r ,  and  s o  t h e  v a r i o u s  SOS g e n e s  b e g i n  t o  be  
e x p r e s s e d  a t  a n  i n c r e a s e d  l e v e l .  S im p le  o v e r p r o d u c t i o n  o f  RECA 
p r o t e i n  d o e s  n o t  r e s u l t  i n  LEXA p r o t e i n  c l e a v a g e ,  i n d i c a t i n g  t h a t  
a c t i v a t i o n  i s  e s s e n t i a l .
As t h e  c e l l  b e g i n s  t o  r e c o v e r  frcm  t h e  i n d u c i n g  t r e a t m e n t ,  t h e  
i n d u c i n g  s i g n a l  i s  e l i m i n a t e d ,  and t h e  RECA m o l e c u l e s  r e t u r n  t o  
t h e i r  p r o t e o l y t i c a l l y  i n a c t i v e  s t a t e .  I n  t h e  a b s e n c e  o f  RECA 
p r o t e a s e ,  t h e  c o n t i n u e d  s y n t h e s i s  o f  LEXA m o l e c u l e s  l e a d s  t o  
r e p r e s s i o n  o f  t h e  SOS g e n e s  an d  a r e t u r n  t o  t h e  u n in d u c e d  s t a t e .  
S e d g w ic k  an d  G o o d w in  ( 1 9 8 5 )  i n t r o d u c e d  a p l a s m i d  c a r r y i n g  t h e  IS. 
c o l  1 l e x A  g e n e  i n t o  s i x  E n t e r o b a c t e r l a  s p p .  and m e a s u r e d  d e c r e a s e d  
RECA p r o t e i n  l e v e l s  i n  E .  c o l i , K l e b s i e l l a  s p .  and C i t r o b a c t e r  s p . , 
w h i l s t  S h i g e l l a  s o n n e i  e x h i b i t e d  U V - s e n s i t i z a t i o n  w i t h o u t  d e c r e a s e d  
RECA p r o t e i n  l e v e l s .  T h e  r e s u l t s  s u g g e s t e d  t h a t  t h e  SOS r e g u l a t o r y  
m e c h a n ism  i s  w i d e s p r e a d  a m o n g s t  E n t e r o b a c t e r i a  and f u n c t i o n a l l y  
c o n s e r v e d .
2 . 4 . 1  SOS I n d u c t i o n  a n d  M u t a g e n e s i s
A c o m p r e h e n s i v e  r e v i e w  o f  m u t a g e n ic  r e p a i r  i s  b e y o n d  t h e  s c o p e  
o f  t h i s  w o r k ;  h o w e v e r ,  i t  i s  a p p o s i t e  t o  b r i e f l y  d i s c u s s  some  
r e c e n t  w o rk  w h ic h  h a s  u s e d  e n z y m a t i c  p h o t o r e a c t i v a t i o n  t o  p r o b e  t h e  
m e c h a n is m s  o f  U V - in d u c e d  m u t a g e n e s i s .
B r i d g e s  and  W o o d g a te  ( 1 9 8 4 )  t e s t e d  t h e  h y p o t h e s i s  t h a t  t h e  
umuC g e n e  p r o d u c t  i s  r e q u i r e d  f o r  DNA s t r a n d  e l o n g a t i o n  p a s t  p h o t o ­
p r o d u c t s  i n  t h e  t e m p l a t e  s t r a n d .  They  f o u n d  t h a t  a p p l i c a t i o n  o f  
p h o t o r e a c t i v a t i n g  l i g h t  i m m e d i a t e l y  a f t e r  UV r a d i a t i o n  i n  a umuC+ 
s t r a i n  r e s u l t e d  i n  a d e c r e a s e  i n  t h e  m u t a t i o n  f r e q u e n c y ,  w h e r e a s  i f  
t h e  b a c t e r i a  w e r e  a l l c w e d  t o  m e t a b o l i s e  o n  n u t r i e n t  p l a t e s  f o r  4 
h o u r s  b e f o r e  p h o t o r e a c t i v a t i n g  l i g h t  t r e a t m e n t ,  t h e  d e c r e a s e  i n  
m u t a t i o n  f r e q u e n c y  w as s t i l l  s i g n i f i c a n t  b u t  c o n s i d e r a b l y  s m a l l e r .  
T h i s  i n d i c a t e d  t h a t  a s  t h e  m u t a t i o n  becam e f i x e d ,  p h o t o ­
r e v e r s i b i l i t y  w a s  l o s t .  H cw ever ,  i n  t h e  umuC s t r a i n ,  t h e  i n i t i a l  
p h o t o r e a c t i v a t i n g  l i g h t  t r e a t m e n t  d i d  n o t  a l t e r  t h e  m u t a t i o n  
f r e q u e n c y  from  t h e  s p o n t a n e o u s  l e v e l ,  b u t  d e l a y e d  PR t r e a t m e n t  
r e s u l t e d  i n  an  i n c r e a s e  i n  t h e  m u t a t i o n  f r e q u e n c y .  T h i s  f a i l u r e  t o  
f i x  l e t h a l  damage up  t o  4 h o u r s  a f t e r  i r r a d i a t i o n  l e d  t h e  a u t h o r s  
t o  s u g g e s t  t h a t  t h e  p r e s e n c e  o f  p y r i m i d i n e  d im e r s  m a i n t a i n s  t h e  
r e p l i c a t i o n  f o r k  i n  a c o n f i g u r a t i o n  w h ic h  n e i t h e r  a l l o w s  
r e p l i c a t i o n  n o r  DNA d e g r a d a t i o n .  The i n c r e a s e  i n  m u t a b i l i t y  o f  t h e  
umuC s t r a i n  a f t e r  p h o t o r e a c t i v a t i o n  i n d i c a t e s  t h a t  t h e  umuC+ g e n e  
p r o d u c t  i s  i n v o l v e d  i n  s t r a n d  e l o n g a t i o n  p a s t  dam age, r a t h e r  t h a n  
t h e  m i s i n c o r p o r a t i o n  e v e n t .  I n  a f u r t h e r  s t u d y  u s i n g  p h o t o ­
r e a c t i v a t i o n  t o  d i s s e c t  t h e  p r o c e s s e s  o f  m u t a g e n e s i s ,  B r i d g e s  and  
W o o d g a te  ( 1 9 8 5 )  e s t a b l i s h e d  t h a t  t h e  RECA p r o t e i n  m u st  h a v e  a r o l e  
i n  a d d i t i o n  t o  d e r e p r e s s i n g  umuCD g e n e s  s i n c e  i n  a l e x A 5 1  ( n o  LEXA 
r e p r e s s o r  a c t i v i t y ) ,  r e c A 4 3 0  ( n o  p r o t e a s e  a c t i v i t y )  s t r a i n ,  t h e  
m u t a t i o n  f r e q u e n c y  w a s  s i m i l a r  t o  r e c A 4 3 0  a l o n e .  P e r r y  e t  a l .  
( 1 9 8 5 )  h a v e  com p ared  t h e  h c m o lo g y  o f  t h e  umuD and l e x A  g e n e  
p r o d u c t s  and  f o u n d  31  p e r  c e n t  o v e r a l l  h c m o lo g y .  I n  a d d i t i o n  t h e y  
fo u n d  a  c y s t e i n e - g l y c i n e  c l e a v a g e  s i t e  i n  UMJD p r o t e i n  
c o r r e s p o n d i n g  t o  t h e  a l a n i n e - g l y c i n e  c l e a v a g e  s i t e  o f  LEXA 
r e p r e s s o r .  T h i s  s u g g e s t s  t h a t  p r o t e o l y t i c  c l e a v a g e  o f  UMUD 
p r o t e i n ,  by a c t i v a t e d  RECA p r o t e i n ,  may be n e c e s s a r y  f o r  SOS
63
m u t a g e n e s i s .  B r i d g e s  an d  W o o d g a te  ( 1 9 8 5 )  h a v e  d e v e l o p e d  a  
' t w o - s t e p '  m odel t o  d e s c r i b e  b a c t e r i a l  UV m u t a g e n e s i s .
STEP 1 .  DNA p o l y m e r a s e  I I I  (p o lC  g e n e  p r o d u c t )  p r o c e e d s  u n t i l  
i t  e n c o u n t e r s  a  p h o t o p r o d u c t .  A c t i v a t e d  RECA p r o t e i n  f a c i l i t a t e s  
i n s e r t i o n  o f  b a s e s  o p p o s i t e  t h e  l e s i o n  by d e c r e a s i n g  t h e  f i d e l i t y
I
o f  t h e  3 -----► 5 ’ p r o o f - r e a d i n g  a c t i v i t y  o f  t h e  p o l y m e r a s e .
STEP 2 .  UMUCD p r o t e i n  m o d i f i e s  t h e  c o n f i g u r a t i o n  o f  t h e  
l e s i o n - m i s m a t c h  t e r m i n u s  s o  t h a t  i t  i s  a s u i t a b l e  p r im e r  f o r  
c o n t i n u e d  c h a i n  e l o n g a t i o n .
As d i s c u s s e d  i n  S e c t i o n  1 . 2 . 2 ,  t h e r e  i s  a  g r o w in g  b od y  o f  
e v i d e n c e  t o  s u g g e s t  t h a t  t h e  p h o t o r e a c t i v a b l e  c i s - s y n  c y c l o -  
b u t a d i p y r i m i d i n e  d im e r  may n o t  be t h e  m a jo r  p r e - m u t a g e n i c  
U V - in d u c e d  l e s i o n  ( r e v i e w e d  by F r a n k l i n  an d  H a s e l t i n e ,  1 9 8 6 ) .
B r a s h  and H a s e l t i n e  ( 1 9 8 5 )  fo u n d  t h a t  p h o t o r e a c t i v a t i o n  t r e a t m e n t  
r e d u c e d  t h e  i n d u c t i o n  o f  t h e  umuC+ g e n e  t o  t h a t  c o r r e s p o n d i n g  t o  a  
s e v e n - f o l d  l o w e r  U V - f l u e n c e ,  w h i l s t  t h e  e x t e n t  o f  p h o t o r e v e r s a l  o f  
umuC+ i n d u c t i o n  w a s  t h e  same a s  t h e  d e c r e a s e  i n  m u t a t i o n  f r e q u e n c y .  
T h e r e f o r e ,  t h e  c y c l o b u t a n e  d im er  may be t h e  s i g n i f i c a n t  SOS-  
i n d u c i n g  l e s i o n  w h i l s t  o t h e r  l e s i o n s  a r e  p r e - m u t a g e n i c .  R u i z - R u b i o  
e t  a l .  ( 1 9 8 6 )  f o u n d  t h a t  UV m u t a g e n e s i s  i n  a uvrB5 le x A 5 1  m u ta n t  
w a s  p h o t o r e v e r s i b l e  t o  t h e  sam e e x t e n t  a s  t h e  l e x + p a r t n e r ,  
i n d i c a t i n g  t h a t  d im e r s  m u st  h a v e  some f u n c t i o n  i n  a d d i t i o n  t o  SOS 
i n d u c t i o n .  To t e s t  t h e  h y p o t h e s i s  t h a t  d im e r s  a c t i v a t e  RECA p r o t e i n  
t o  t h e  ' s e c o n d  m e c h a n is m '  e x p r e s s e d  c o n s t i t u t i v e l y  by t h e  r e c A 4 4 1  
a l l e l e  or  w h e t h e r  d i m e r s  a r e  t h e  t a r g e t  l e s i o n ,  t h e y  m e a s u r e d  t h e  
e f f e c t  o f  p h o t o r e a c t i v a t i o n  t r e a t m e n t  o n  a U V - i r r a d i a t e d  u v r B 5 
l e x A 5 1  r e c A 4 4 1  s t r a i n .  They fo u n d  t h a t  w h i l s t  s u r v i v a l  w a s  
p h o t o r e v e r s i b l e ,  m u t a g e n e s i s  w a s  n o t ,  i n d i c a t i n g  t h a t  d i m e r s  a r e  
n o t  t a r g e t  l e s i o n s  f o r  UV m u t a g e n e s i s  i n  t h e  m u t a t i o n a l  s y s t e m
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s t u d i e d .
Yamamoto e t  a l .  ( 1 9  8 5 )  m e a su r e d  t h e  e f f e c t  o f  
p h o t o r e a c t i v a t i o n  o n  k i l l i n g ,  i n d u c t i o n  o f  RECA an d  UMUC p r o t e i n s ,  
and h i s - 4  t o  h i s *  m u t a t i o n  i n  IS. c o l i  u v r A 6 . The PR 
d o s e - m o d i f i c a t i o n  f a c t o r  f o r  k i l l i n g  w a s  7 ,  b u t  o n l y  2 . 5  f o r  RECA 
p r o t e i n  i n d u c t i o n .  I n d e e d ,  RECA p r o t e i n  w a s  s t i l l  in d u c e d  t o  6 0  
p e r  c e n t  o f  i t s  maximum l e v e l  e v e n  a f t e r  f u l l  PR t r e a t m e n t ,  
s u g g e s t i n g  t h a t  n o n - d im e r  p h o t o p r o d u c t s  a r e  m ore  s i g n i f i c a n t  
p r e - m u t a g e n i c  l e s i o n s  an d  m o re  e f f e c t i v e  a t  SOS i n d u c t i o n .
H c w e v e r ,  Yamamoto ( 1 9 8 5 )  f o u n d  p h o t o r e a c t i v a t i o n  t r e a t m e n t  r e p a i r e d  
l e t h a l  d am age , and dam age l e a d i n g  t o  t r p E 9 7 7 7  f r a m e s h i f t  m u t a t i o n  
t o  t r p *  t o  t h e  sam e e x t e n t .  T h i s  w ork  a p p e a r e d  t o  c o n t r a d i c t  t h e  
f i n d i n g  o f  Yamamoto e t  a l .  ( 1 9 8 5 ) ,  b u t  Yamamoto ( 1 9 8 5 )  p o i n t e d  o u t  
t h a t  t h e  tr p E 9 7 7 7  f r a m e s h i f t  m u t a t i o n  r e s u l t s  fr c m  t h e  a d d i t i o n  o f  
a n  A -T  b a s e  p a i r  t o  a  r u n  o f  f i v e  A-T b a s e  p a i r s  and  i s  t h u s  a 
p o t e n t i a l  t a r g e t  f o r  T -T  d i m e r s ,  w h e r e a s  t h e  h i s - 4  t o  h i s *  
m u t a t i o n  i s  p r o b a b l y  a b a s e  s u b s i t u t i o n  w h ic h  i s  m o re  l i k e l y  t o  
r e s u l t  f r c m  a [ 6 - 4 ]  p h o t o p r o d u c t .
T h u s i t  w i l l  b e  c o n c l u d e d  t h a t  UV m u t a g e n e s i s  i s  c o m p le x  and  
t h e  e f f e c t  o f  p h o t o r e a c t i v a t i o n  d e p e n d s  b o t h  on  t h e  l o c u s  and  t h e  
m u t a t i o n - t y p e  a s s a y e d .
GENERAL METHODOLOGY
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T he p r i n c i p a l  o r g a n i s m s  u s e d  i n  t h i s  s t u d y  w e r e  E. c o l i  K-12  
A B 2480 , DY326, AS44 and A S 46 . A l i s t  d e s c r i b i n g  t h e  g e n o t y p e s  and  
s o u r c e  o f  a l l  t h e  o r g a n i s m s  u s e d  i n  t h i s  s t u d y  i s  i n c l u d e d  i n  
A p p e n d ix  A l .
1 .  S t o r a g e  o f  O r g a n is m s
S t o c k  c u l t u r e s  o f  a l l  s t r a i n s  w e r e  s e a l e d  i n  s t e r i l e  p l a s t i c
t u b e s ,  p a c k e d  i n  p l a s t i c  v i a l s  and s t o r e d  i n  t h e  v a p o u r  p h a s e  o f  a
l i q u i d  n i t r o g e n  r e f r i g e r a t o r  (U n io n  C a r b id e  L t d )  a t  - 1 9 6 ° C .  T h e s e
w e r e  s u b c u l t u r e d  i n t o  n u t r i e n t  a g a r  s t a b s  w h ic h  w e r e  p r e p a r e d  by
d i s p e n s i n g  5 ml a l i q u o t s  o f  m o l t e n  n u t r i e n t  a g a r  i n t o  7 ml s c r e w -
c a p p e d  g l a s s  v i a l s  ( H o s l a b ,  I l f o r d ,  E s s e x ) .  The n u t r i e n t  a g a r  w a s
p r e p a r e d  b y  a d d in g  2 2 . 4 g  o f  O xo id  CM3 n u t r i e n t  a g a r  ( O x o id  L t d . ,
B a s i n g s t o k e )  t o  8 0 0  ml o f  g l a s s - d i s t i l l e d  w a t e r  i n  a 1 l i t r e  f l a t -
b o t t o m e d  f l a s k  an d  a l l o w i n g  t o  s t a n d  f o r  1 0  m i n u t e s .  The a g a r  w a s
d i s s o l v e d  by b r i n g i n g  t o  t h e  b o i l .  T h e se  w e r e  t h e n  s t e r i l i z e d  by
o
a u t o c l a v i n g  a t  1 2 1  C f o r  15 m i n u t e s .  A f t e r  a l l o w i n g  t o  s e t  i n  a n  
u p r i g h t  p o s i t i o n ,  t h e  s t a b s  w e r e  i n o c u l a t e d  and i n c u b a t e d  f o r  4 8 
h o u r s  a t  e i t h e r  3 0 °  o r  3 7 ° C  ( a s  a p p r o p r i a t e )  i n  a LEEC PCF2 
i n c u b a t o r  (LEEC, N o t t in g h a m )  . A p p r o x im a t e ly  0 . 4  ml o f  s t e r i l i z e d  
l i q u i d  p a r a f f i n  BP ( T h o r n t o n  and R o s s ,  H u d d e r s f i e l d )  w a s  
a s e p t i c a l l y  a d d ed  t o  e a c h  v i a l  t o  r e d u c e  e v a p o r a t i o n .  The l i q u i d  
p a r a f f i n  w a s  p r e p a r e d  by  s e a l i n g  1 ml a l i q u o t s  i n  1 ml n o m in a l  
c a p a c i t y  g l a s s  a m p o u le s  and  s t e r i l i z e d  a t  1 6 0 °C  i n  a h o t  a i r  o v e n  
f o r  4 h o u r s .  T h e s e  s t a b s  w e r e  k e p t  i n  t h e  d ark  a t  room  
t e m p e r a t u r e .
F o r  s t r a i n s  c a r r y i n g  a n t i b i o t i c  r e s i s t a n c e  p l a s m i d s ,  t h e  
a p p r o p r i a t e  a n t i b i o t i c  w a s  a d d ed  t o  t h e  n u t r i e n t  a g a r .  I n  s u c h  
c a s e s ,  1 0 0  ml o f  s t e r i l i z e d  n u t r i e n t  a g a r  w a s  p r e p a r e d  and a l l o w e d
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t o  c o o l  t o  5 5 °C . The a n t i b i o t i c  w a s  t h e n  a d d ed  and 5 ml a l i q u o t s  
d i s p e n s e d  i n t o  p r e - s t e r i l i z e d  v i a l s .
F o r  r o u t i n e  u s e ,  an  in o c u lu m  from  t h e  s t a b  c u l t u r e  w a s  
s t r e a k e d  o u t  o n t o  a n u t r i e n t  a g a r  p l a t e  u s i n g  a s t e r i l e  w i r e  l o o p .  
The a g a r  f o r  t h e s e  p l a t e s  w a s  p r e p a r e d  a s  d e s c r i b e d  a b o v e  and 20  
ml v o lu m e s  o f  m o l t e n  a g a r  w e r e  p o u r e d  i n t o  9 cm s t e r i l e  p e t r i  
d i s h e s  ( S t e r i l i n  L t d ,  F e l t h a m ) .  A f t e r  i n o c u l a t i o n  and  i n c u b a t i o n ,  
t h e  p l a t e s  w e r e  s e a l e d  w i t h  p a r a f i l m  ( N e s c o f i l m )  and s t o r e d  i n  a n  
i n v e r t e d  p o s i t i o n  a t  4 ° C .  T h e s e  p l a t e s  w e r e  d i s c a r d e d  a f t e r  tw o  
w e e k s .  The p h e n o t y p e  o f  e a c h  s t r a i n  w a s  r o u t i n e l y  v e r i f i e d  by  
a s s e s s i n g  g r o w th  on  a p p r o p r i a t e  d e f i n e d  m e d ia  p l a t e s .
2 .  G la s s w a r e
G l a s s w a r e  w a s  d e c o n t a m i n a t e d  w h e r e  n e c e s s a r y  by a u t o c l a v i n g  a t  
1 2 1 °C  f o r  3 0  m i n u t e s .  A l l  g l a s s w a r e  w a s  w a sh e d  i n  g l a s s  d i s t i l l e d  
w a t e r  and t h e n  r i n s e d  t h r e e  t i m e s  b e f o r e  d r y i n g  o v e r n i g h t  i n  an  
o v e n .  S t e r i l i z a t i o n  w a s  p e r fo r m e d  by h e a t i n g  a t  1 6 0 ° C  f o r  4 h o u r s .
3 .  W ater
The w a t e r  u s e d  f o r  a l l  p r e p a r a t i v e  w ork  t h r o u g h o u t  t h i s  s t u d y  
w a s  s i n g l e  g l a s s  d i s t i l l e d .
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4 .  G row th o f  O rg a n ism s
4 . 1  M e d ia  U sed  f o r  t h e  G rowth o f  O r g a n ism s
N u t r i e n t  b r o t h  w a s  u s e d  a s  t h e  g r o w th  medium f o r  a l l  UV- 
s u r v i v a l  and p h o t o r e a c t i v a t i o n  e x p e r i m e n t s .  T h i r t e e n  g o f  O x o id  
CM1 n u t r i e n t  b r o t h  w a s  a d d ed  t o  1 l i t r e  o f  g l a s s  d i s t i l l e d  w a t e r  
and a l l c w e d  t o  s t a n d  f o r  15 m i n u t e s .  One h u n d r e d  ml v o l u m e s ,  i n  
1 5 0  ml m e d i c a l  s c r e w - c a p  f l a t  b o t t l e s ,  ( B e a t s o n - C l a r k e ) w e r e  a u t o -  
c l a v e d  a t  1 2 1 ° C  f o r  15 m i n u t e s .  The f i n a l  pH w a s  7 . 2 - 7 . 4  a t  2 0 °C .  
T h e s e  w e r e  s t o r e d  i n  t h e  d a r k  a t  room t e m p e r a t u r e  p r i o r  t o  u s e .
A f u l l  l i s t  o f  t h e  o t h e r  m e d ia  u s e d  i n  t h i s  s t u d y  i s  i n c l u d e d  
i n  t h e  A p p e n d ix  A 2 .
4 . 2  I n c u b a t i o n  W ater  B a th
T h i s  w a s  a G a l le n k a m p  BKS 3 5 0  im m e r s io n  w a t e r  b a t h  s e t  a t  a 
t e m p e r a t u r e  o f  3 7 °  0 . 5 ° C  ( u n l e s s  o t h e r w i s e  s t a t e d )  and  s h a k i n g  a t
1 0 0  c y c l e s  p e r  m i n u t e .  The s a f e t y  ' c u t - o u t '  t h e r m o s t a t  w a s  s e t  a t  
4 5 °C . B o t h  t h e  t e m p e r a t u r e  and number o f  c y l e s  p e r  m i n u t e  w e r e  
m o n i t o r e d  r o u t i n e l y .
4 . 3  A e r a t i o n  A p p a r a tu s
A f o r c e d  a e r a t i o n  s y s t e m  w a s  u s e d  t o  s t a n d a r d i z e  t h e  am ount o f  
a i r  t o  e a c h  c u l t u r e  v e s s e l .  C o m p ressed  a i r  w a s  p a s s e d  t h r o u g h  a 
c o u r s e  c o t t o n  w o o l  f i l t e r  c o n n e c t e d  t o  a R o ta m e te r  f l e w  m e te r  
( R o t a m e t e r ,  C ro y d o n )  w h ic h  r e g u l a t e d  t h e  f l o w - r a t e  t o  1 0  ml p e r  
m i n u t e  t o  e a c h  c u l t u r e  v e s s e l .  The a i r  w a s  s t e r i l i z e d  by p a s s a g e  
t h r o u g h  a  25 mm d i a m e t e r ,  0 . 4 5  jjm p o r e - s i z e  S a r t o r i u s  membrane  
f i l t e r  ( S a r t o r i u s  membrane f i l t e r s ,  GMBH, W est  Germ any) p o s i t i o n e d  
i m m e d i a t e l y  b e f o r e  t h e  e n t r a n c e  p o r t  t o  t h e  c u l t u r e  v e s s e l .  T h i s
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a p p a r a t u s  h a s  b e e n  d e s c r i b e d  p r e v i o u s l y  (H o d g e s ,  1 9 7 9 ) .
4 . 4  M ethod
A l o o p f u l  o f  s u r f a c e - g r o w n  c u l t u r e  w a s  i n o c u l a t e d  i n t o  a 2 5 0  
ml p y r e x - s c r e w - t o p  c o n i c a l  f l a s k  c o n t a i n i n g  1 0 0  ml o f  p re -w a rm ed  
g r o w th  m edium . T h i s  w a s  c o n n e c t e d  t o  t h e  a e r a t i o n  a p p a r a t u s ,  
a e r a t i o n  c h e c k e d  and s e t  a t  1 0  ml p e r  m i n u t e ,  and i n c u b a t e d  i n  t h e  
s h a k i n g  w a t e r  b a t h  f o r  24 h o u r s .  A s e c o n d a r y  l i q u i d  c u l t u r e  w a s  
p r e p a r e d  by i n o c u l a t i n g  99 ml o f  p re -w a rm ed  n u t r i e n t  b r o t h  w i t h  1 
ml o f  t h e  p r im a r y  c u l t u r e ,  and i n c u b a t e d  a s  d e s c r i b e d  a b o v e  f o r  24  
h o u r s .  G rowth c u r v e s  f o r  s t r a i n s  A B2480, A S44, DY326 and AS46 a r e  
i n c l u d e d  i n  A p p e n d ix  A 3 .  T h e s e  c u l t u r e  c o n d i t i o n s  w e r e  a d h e r e d  t o  
s t r i c t l y  t o  m i n i m i s e  t h e  v a r i a t i o n  i n  p h o t o r e a c t i v a b i l i t y  m e a su r e d  
by T y r r e l l  e t  a l .  ( 1 9 7 2 ) .
5 .  H a r v e s t i n g  o f  O r g a n is m s
5 . 1  W a s h i n g / D i l u t i o n  F l u i d
M9 s a l t s  s o l u t i o n  ( A n d e r s o n ,  1 9 4 6 )  w a s  u s e d  t o  w a sh  and  
r e s u s p e n d  c e l l s ,  and a l s o  a s  t h e  d i l u t i n g  f l u i d .  M9 s a l t s  s o l u t i o n  
w a s  p r e p a r e d  fr o m  tw o  s t o c k  c o n c e n t r a t e s  a s  f o l l o w s :
M9 A ( 5 0  x  c o n c e n t r a t e )  M9 B ( 1 2 . 5  x  c o n c e n t r a t e )
NH 01 5 0  g KH^PO, 3 7 . 5  g4 2 4
MgS04 .7H 2 0  1 0  g Na2 HP04 2H2 0  75  g
W ater  t o  1 l i t r e  NaCl 6 . 2 5  g
W ater  t o  1 l i t r e
A l l  c h e m i c a l s  w e r e  ’ A n a l a r '  g r a d e  o b t a i n e d  from  BDH L t d .  ( P o o l e ) .  
The s t o c k  c o n c e n t r a t e s  w e r e  a u t o c l a v e d  i n  5 0 0  ml MRC b o t t l e s  a t
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1 2 1 °C  f o r  3 0  m i n u t e s .  M9 s a l t s  s o l u t i o n  ( ' M 9 ' )  w a s  p r e p a r e d  by  
m i x i n g  1 8 0  ml o f  M9A c o n c e n t r a t e  and 7 2 0  ml o f  M9B c o n c e n t r a t e  and  
made up t o  9 l i t r e s  w i t h  g l a s s  d i s t i l l e d  w a t e r .  A p p r o x im a t e ly  2 0 0  
ml v o l u m e s  o f  t h i s  s o l u t i o n  w e r e  t r a n s f e r r e d  t o  2 5 0  ml f l a s k s ,  
s e a l e d  w i t h  a lu m in iu m  f o i l  and s t e r i l i z e d  b y  a u t o c l a v i n g  a t  1 2 1 °C  
f o r  15  m i n u t e s .  The pH o f  t h i s  s o l u t i o n  w a s  6 . 9  a t  2 0 °C .
5 .2  F i l t r a t i o n  M ethod
A p p a r a t u s . T h i s  w a s  a n e g a t i v e - p r e s s u r e  S a r t o r i u s  a p p a r a t u s  
i n c o r p o r a t i n g  a s i n t e r e d - g l a s s  s u p p o r t i n g  b e d  ( S a r t o r i u s  GMBH, W est  
G e r m a n y ) .  The f i l t e r s  u s e d  w e r e  25 mm d i a m e t e r  S a r t o r i u s  m em branes  
w i t h  a  p o r e  s i z e  o f  0 . 4 5  ym.  P r i o r  t o  u s e ,  t h e y  w e r e  p l a c e d  
b e t w e e n  tw o  p i e c e s  o f  Whatman f i l t e r  p a p e r ,  s e a l e d  i n  DHSS 
s p e c i f i c a t i o n  b a g s  ( J .  D i c k e n s o n  and S o n s  L t d )  and  s t e r i l i z e d  by  
a u t o c l a v i n g  a t  1 2 1 ° C  f o r  15 m i n u t e s .  The f i l t e r  w a s  r i n s e d  t h r e e  
t i m e s  p r i o r  t o  an d  t h r e e  t i m e s  a f t e r  f i l t r a t i o n  o f  t h e  c e l l  
s u s p e n s i o n  w i t h  1 0  ml v o lu m e s  o f  i c e - c o l d  M9 s a l t s  s o l u t i o n .  
N o r m a l ly ,  1 . 0  ml o f  c e l l  s u s p e n s i o n  w a s  f i l t e r e d .  The vacuum w a s  
t h e n  r e l e a s e d  and  t h e  f i l t e r  a s e p t i c a l l y  t r a n s f e r r e d  t o  a s t e r i l e  
5 0  ml f l a s k  c o n t a i n i n g  1 0  ml o f  M9.
A f t e r  h a r v e s t i n g ,  an  e s t i m a t e  o f  t h e  v i a b i l i t y  o f  t h e  c e l l  
s u s p e n s i o n  w a s  p r o v i d e d  by m ea su rem en t  o f  t h e  o p t i c a l  d e n s i t y  o f  
t h e  s u s p e n s i o n  an d  r e f e r r i n g  t o  a p r e v i o u s l y  d e t e r m i n e d  c a l i b r a t i o n  
c u r v e  f o r  t h e  p a r t i c u l a r  o r g a n i s m .  Such  a c a l i b r a t i o n  c u r v e  
( o p t i c a l  d e n s i t y  : v i a b l e  c o u n t )  i s  shown i n  A p p e n d ix  A 3 .
The o p t i c a l  d e n s i t y  o f  t h e  c e l l  s u s p e n s i o n  w a s  m e a su r e d  
a g a i n s t  a b l a n k  o f  M9 s a l t s  s o l u t i o n  i n  m a tc h e d  1 cm p a t h l e n g t h  
g l a s s  c u v e t t e s  i n  a  Unicam  SP 6 0 0  s p e c t r o p h o t o m e t e r  s e t  a t  a  w a v e ­
l e n g t h  o f  4 7 0  nm. The B e e r - L a m b e r t  r e l a t i o n s h i p  d o e s  n o t  a p p l y  t o
o p t i c a l  d e n s i t i e s  g r e a t e r  t h a n  0 . 3 5 ,  s o  c e l l  s u s p e n s i o n s  e x c e e d i n g  
t h i s  v a l u e  w e r e  d i l u t e d  p r i o r  t o  r e a d i n g .
6 .  A s s e s s m e n t  o f  V i a b i l i t y
C e l l  v i a b i l i t y  w a s  d e t e r m i n e d  by r e l a t i v e  c o l o n y  fo r m in g  
a b i l i t y  on  O x o id  n u t r i e n t  a g a r  p l a t e s .
6 . 1  M a t e r i a l s
a )  P i p e t t e s
Two G i l s o n  p i p e t t e s  ( G i l s o n  M e d ic a l  E l e c t r o n i c s ,  F r a n c e )  w i t h  
v o lu m e  r a n g e s  0 . 1 - 1 . 0ml (m o d e l  P 1 0 0 0 )  and 1 . 0 - 5 . 0  ml (m o d e l  P 5 0 0 0 )  
w e r e  u s e d ,  i n  c o n j u n c t i o n  w i t h  t h e  a p p r o p r i a t e  p l a s t i c  t i p s .  A f t e r  
u s e ,  t h e  t i p s  w e r e  w a s h e d  and b o i l e d  i n  g l a s s  d i s t i l l e d  w a t e r ,  
d r i e d ,  and p a c k e d  i n t o  DHSS s p e c i f i c a t i o n  a u t o c l a v e  b a g s  ( J .  
D i c k e n s o n  and S o n s  L t d . ) b e f o r e  s t e r i l i z a t i o n  a t  1 3 2 °C  f o r  5 
m i n u t e s  i n  a D r a y t o n - C a s t l e  h i g h  vacuum a u t o c l a v e .
b )  D i l u t i o n  t u b e s
A l l  s e r i a l  d i l u t i o n s  w e r e  p / f o r m e d  i n  15cm x  1 .9 c m  r i m l e s s  
t h i c k - w a l l e d  p y r e x  g l a s s  t u b e s ,  f i t t e d  w i t h  O xo id  a lu m in iu m  c a p s .  
The t u b e s  w e r e  p r e p a r e d  a s  d e s c r i b e d  u n d e r  ' g l a s s w a r e ' ,  d r i e d ,  and  
s t e r i l i z e d  by h o l d i n g  a t  1 6 0 ° C  f o r  4 h o u r s .
c )  S p r e a d e r s
T h e s e  w e r e  p r e p a r e d  from  g l a s s  q u i l l ,  s e a l e d  a t  e a c h  end  and  
h a v i n g  a 6 0 °  b en d  a p p r o x i m a t e l y  tw o t h i r d s  a l o n g  i t s  l e n g t h .  They  
w e r e  p r e p a r e d  a s  d e s c r i b e d  a b o v e ,  p l a c e d  i n  2 5 0  ml g l a s s  b e a k e r s ,  
c o v e r e d  w i t h  a lu m in iu m  f o i l ,  and s t e r i l i z e d  by d ry  h e a t  a t  1 6 0 ° C  
f o r  4 h o u r s .
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d )  D i l u t i o n  medium
A l l  d i l u t i o n s  w e r e  p e r f o r m e d  i n  M9 s a l t s  s o l u t i o n .
6 . 2  P l a t i n g  M edia
U n l e s s  o t h e r w i s e  s t a t e d ,  O xo id  CM3 n u t r i e n t  a g a r  w a s  u s e d  
t h r o u g h o u t  t h i s  s t u d y .  The m eth o d  o f  p r e p a r a t i o n  i s  g i v e n  u n d er  
t h e  ' S t o r a g e  o f  S t r a i n s '  s e c t i o n .
A l l  p l a t e s  w e r e  s t o r e d  i n v e r t e d  a t  4 °C  i n  t h e  d a r k  f o r  up t o  4 
d a y s .  I m m e d ia t e ly  b e f o r e  u s e  t h e y  w e r e  ' o v e r d r i e d '  by p l a c i n g  i n  
an  i n v e r t e d  p o s i t i o n  a t  3 7 °C  f o r  6 0  m i n u t e s  u n d e r  v e n t i l a t e d  
c o n d i t i o n s .
6 . 3  M ethod o f  A s s e s s m e n t  o f  V i a b i l i t y
The v i a b l e  c o u n t  o f  t h e  b a c t e r i a  w a s  d e t e r m i n e d  by an  i n i t i a l  
2 0 - f o l d  d i l u t i o n ,  e f f e c t e d  by  t r a n s f e r r i n g  0 . 2  ml o f  t h e  t e s t  
s u s p e n s i o n  i n t o  3 . 8  ml o f  M9 s o l u t i o n  i n  a d i l u t i o n  t u b e .  When 
s u r v i v a l  w a s  lo w  a f t e r  UV t r e a t m e n t ,  a 2 - f o l d  d i l u t i o n  w a s  p r e p a r e d  
by a d d in g  0 . 4  ml o f  t h e  t e s t  s u s p e n s i o n  t o  0 . 4  ml o f  M9 s o l u t i o n .
A s u b s e q u e n t  s e r i e s  o f  1 0 - f o l d  d i l u t i o n s  w e r e  p e r f o r m e d  a s  
n e c e s s a r y  by t a k i n g  0 . 5  ml o f  t h e  d i l u t e d  t e s t  s o l u t i o n  and  
t r a n s f e r r i n g  i t  t o  4 . 5  ml o f  M9 s o l u t i o n .  Each  d i l u t i o n  w a s  
t h o r o u g h l y  m ix e d  u s i n g  a W h i r l i m i x  ( F i s o n s  L t d ) .  A 0 . 2  ml a l i q u o t  
o f  t h e  r e q u i r e d  d i l u t i o n  w a s  p i p e t t e d  o n t o  t h e  s u r f a c e  o f  e a c h  o f  
t h r e e  n u t r i e n t  a g a r  p l a t e s ,  and s p r e a d  u n i f o r m l y  w i t h  a s t e r i l e  
g l a s s  s p r e a d e r .  A r a n g e  o f  d i l u t i o n s  w e r e  p l a t e d  t o  y i e l d  c o l o n y  
c o u n t s  i n  t h e  2 0 - 2 0 0  r a n g e .  The p l a t e s  w e r e  i n c u b a t e d  i n  an  
i n v e r t e d  p o s i t i o n  a t  3 7 °C  f o r  4 8 h o u r s  i n  t h e  d a r k .  The number o f  
v i s i b l e  c o l o n i e s  ( w i t h o u t  m a g n i f i c a t i o n )  o n  e a c h  p l a t e  w a s  c o u n t e d .
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T he mean v a l u e  o f  t h e  t h r e e  p l a t e s ,  t o g e t h e r  w i t h  t h e  d i l u t i o n  
f a c t o r ,  w as  u s e d  t o  d e t e r m i n e  t h e  number o f  v i a b l e  b a c t e r i a  i n  t h e  
t e s t  s u s p e n s i o n .
6 . 4  E s t i m a t i o n  o f  t h e  E r r o r s  i n v o l v e d  i n  V i a b l e  Count (VC)
A s s e s s m e n t  by t h i s  t e c h n i q u e
The tw o  p r i n c i p l e  s o u r c e s  o f  e r r o r  w h ic h  may be i n t r o d u c e d
a r i s e  from  1 )  t h e  p i p e t t e s  may n o t  d e l i v e r  a c c u r a t e  or  p r e c i s e
v o l u m e s ,  and 2 )  t h e  m i x i n g  o f  t h e  b a c t e r i a l  s u s p e n s i o n  a f t e r  e a c h
d i l u t i o n  s t a g e  may be i n s u f f i c i e n t  f o r  t h e  c o u n t  t o  t r u l y  r e f l e c t
t h e  v i a b i l i t y  o f  t h e  s u s p e n s i o n .
The e r r o r  a r i s i n g  from  t h e  p i p e t t e s  w a s  a s s e s s e d  p e r i o d i c a l l y
b y  w e i g h i n g  v o l u m e s  o f  g l a s s - d i s t i l l e d  w a t e r  d e l i v e r e d  u n d e r
e x p e r i m e n t a l  c o n d i t i o n s  ( T a b l e  1 ) .  The c o n d i t i o n s  u s e d  s i m u l a t e d
' i n - u s e '  c o n d i t i o n s ,  t h e  p i p e t t e s  w e r e  r e s e t  o n  e a c h  o c c a s i o n  and a
f r e s h  t i p  f i t t e d .  The g l a s s - d i s t i l l e d  w a t e r  w a s  e q u i l i b r a t e d  t o
o
room t e m p e r a t u r e  ( 2 2  C) i n  a Dewar f l a s k ,  and t h e  b a l a n c e  cham ber  
w a s  s i m i l a r l y  e q u i l i b r a t e d  t o  c o n s t a n t  h u m i d i t y .
The e f f i c i e n c y  o f  m i x i n g  o f  t h e  b a c t e r i a l  s u s p e n s i o n  w a s  
a s s e s s e d  by p e r f o r m i n g  s i x  i n d i v i d u a l  s e r i a l  d i l u t i o n s  and  
d e t e r m i n i n g  t h e  v i a b i l i t y  by p l a t i n g  a 0 . 2  ml a l i q u o t  o n t o  t h e  
s u r f a c e  o f  e a c h  o f  f o u r  n u t r i e n t  a g a r  p l a t e s  p e r  d i l u t i o n  s e r i e s .
T he e x p e r i m e n t a l  r e s u l t s  and  t h e  a n a l y s i s  o f  t h e  c o e f f i c i e n t  o f  
v a r i a t i o n  a r e  g i v e n  i n  T a b l e  2 .
7 .  I r r a d i a t i o n  P r o c e d u r e s  
G e n e r a l
A l l  u l t r a v i o l e t  l i g h t  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  i n  a "dark  
rocm" u n d e r  i l l u m i n a t i o n  from  r e d  f l u o r e s c e n t  t u b e s  ( A t l a s  L t d .
T a b l e  1 Summary o f  e r r o r s  i n t r o d u c e d  I n  V .C .  a s s e s s m e n t  by  
G i l s o n  p i p e t t e s
S ta n d a r d C o e f f .  o f % D if f e r a n c e
V olu m e P i p e t t e M e a n ( g ) D e v i a t i o n  o f V a r i a t i o n fro m  T h e o r .
(m l) Mean V a l u e
0 . 2 PI 0 0 0 0 . 1 9 5 9 1 . 0 5 x l 0 " 3 0 .5 3 6 - 2 . 0 5
0 . 5 P I  0 0 0 0 . 4 9 2 0 4 . 7 9 2 x 1  O*”3 0 . 9 7 4 - 1 . 6
3 . 8 P 5 0 0 0 3 . 7 6 7 7 1 . 1 2 6 x l 0 “ 2 0 . 2 9 8 - 0 . 8 5
4 . 5 P 5 0 0 0 4 . 4 8 3 1 1 . 1 6 5 x 1 0 “ 2 0 . 2 6 0 - 0 . 3 7 6
T a b le  2 A n a l y s i s  o f  e r r o r  i n t r o d u c e d d u r i n q  s e r i a l d i l u t i o n
and p l a t i n g  o f t h e  b a c t e r i a l s u s p e n s i o n .
S a m p le  P l a t e  C o u n ts  D i l u t i o n  F a c t o r  V i a b l e  Count
1 54,63,45,48 105 5.25 X io6
2 53,61,49,43 io5 5.15 X io6
3 56,60,53,56 105 5.63 X io6
4 64,50,57,46 io5 5.425 X io6
5 61,55,60,50 io5 5.65 X io6
6 54,57,69,48 io5 5.70 X io6
x  = 5 . 4 6 8  x  10^
O  = 2 . 1  x  1 0 5 n
O  = 2 . 3  x  1 0 5 n - 1
C o e f f i c i e n t  o f  v a r i a t i o n
(j  x  1 0 0^ n - l_______ 2 . 3  x  1 0  x  1 0 0  
5 . 4 6 8  x  1 0 6 = 4.21%
80W) w h ic h  d o  n o t  e m i t  a t  w a v e l e n g t h s  b e lc w  5 4 0  nm. T h i s  d i d  n o t  
c a u s e  c o n c u r r e n t  p h o t o r e a c t i v a t i o n  o f  damage t o  DNA and w a s  f u r t h e r  
c o n f i r m e d  by a c t i o n  s p e c t r a  s t u d i e s  f o r  p h o t o r e a c t i v a t i o n  ( s e e  
s e c t i o n  3 . 5 ) .
8 .  R a d i a t i o n  S o u r c e s
8 . 1  Far-U V  R a d i a t i o n  ( 2 5 4  nm)
The s o u r c e  u s e d  w a s  a 5 cm P e n r a y  lam p ( U l t r a v i o l e t  P r o d u c t s  
I n c ,  San  G a b r i e l  C .A. JnC S C -1 )  f i t t e d  w i t h  a G -2 7 5  f i l t e r ,  w h ic h  
r e s u l t s  i n  95 p e r  c e n t  o f  t h e  e m i s s i o n  a t  254  nm. M ains  
e l e c t r i c i t y  t o  t h e  lam p  w a s  s u p p l i e d  t h r o u g h  a v o l t a g e  s t a b i l i z e r  
(A d v a n c e d  E l e c t r o n i c s  CV 1 0 0 A ) . The lam p w a s  u s e d  i n  a h o r i z o n t a l  
p o s i t i o n  i n  t h e  a p p a r a t u s  shew n i n  F i g .  1 .  The i r r a d i a t i o n  v e s s e l  
w a s  p o s i t i o n e d  2 0  cm d i r e c t l y  b e n e a t h  t h e  UV s o u r c e ,  w i t h  a s h u t t e r  
r e g u l a t i n g  e x p o s u r e ,  p o s i t i o n e d  b e t w e e n .  T h i s  w a s  a n  i r i s  ca m era  
s h u t t e r  ( G .B .  Kershaw 6 3 0 )  w i t h  a 2 cm a p e r t u r e  and f i t t e d  w i t h  a  
c a b l e  r e l e a s e .  E x p o s u r e s  w e r e  t im e d  u s i n g  a s t o p w a t c h .  Where  
e x p o s u r e  t i m e s  b e lc w  1 0  s e c o n d s  w e r e  r e q u i r e d ,  t h e  s h u t t e r  w a s  
e l e c t r o n i c a l l y  t r i p p e d  u s i n g  a r e l a y  s w i t c h  and t h e  e x a c t  e x p o s u r e  
r e c o r d e d  o n  a m i l l i s e c o n d  t i m e r  (M a r c o n i  I n s t r u m e n t s  L t d ) .  The  
i r r a d i a t i o n  v e s s e l  w a s  a j a c k e t e d ,  s t r a i g h t - s i d e d  g l a s s  b o w l ,  w i t h  
a n  i n t e r n a l  d i a m e t e r  o f  5 . 2  cm. A d e q u a te  s t i r r i n g  w a s  e n s u r e d  by  
p a s s i n g  a s t r e a m  o f  f i l t e r e d ,  h u m i d i f i e d  a i r  o n t o  t h e  s u r f a c e  o f  
t h e  t e s t  s u s p e n s i o n  t h r o u g h  a s i d e  j e t .  N in e  ml o f  t h e  b a c t e r i a l  
t e s t  s u s p e n s i o n  w a s  i r r a d i a t e d .  The f r a c t i o n a l  i n c r e a s e  i n  t h e  
d i s t a n c e  b e t w e e n  t h e  s o u r c e  and t h e  s u r f a c e  o f  t h e  s u s p e n s i o n  a f t e r  
r e m o v a l  o f  e a c h  0 . 2  ml a l i q u o t  w a s  c o n s i d e r e d  t o  b e  i n s i g n i f i c a n t .
A f l e w  o f  c o m p r e s s e d  a i r  w a s  d i r e c t e d  o v e r  t h e  s o u r c e  f i l t e r  t o
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F i g .  1 . D iagram  o f  a p p a r a t u s  f o r  2 5 4  nm i r r a d i a t i o n .  
UV S o u r c e  (1 )  I r r a d i a t i o n  V e s s e l  (3)
S h u t t e r  (2 )  A ir  I n l e t  (4)
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p r e v e n t  an y  b u i l d  up  o f  o z o n e .  The b a c t e r i a l  t e s t  s u s p e n s i o n  w a s  
e q u i l i b r a t e d  t o  2 5 °C  p r i o r  t o  i r r a d i a t i o n , w h i c h  w a s  s u b s e q u e n t l y  
c a r r i e d  o u t  a t  room t e m p e r a t u r e ,  2 3 - 2 7 ° C .
8 . 2  Mld-UV R a d i a t i o n  (313n m )
The r a d i a t i o n  s o u r c e  w a s  a B a u sc h  and Lamb S P 2 0 0  s u p e r ­
p r e s s u r e  m e r c u r y  lam p  ( B a u s c h  and Lomb, R o c h e s t e r ,  New Y o r k ) .  T h i s  
w a s  a 200-W  s u p e r  p r e s s u r e  M ercury v a p o u r  la m p  w i t h  a f u s e d - s i l i c a  
e n v e l o p e  and  a n  a p p r o p r i a t e  f u s e d - s i l i c a  c o n d e n s i n g  l e n s  s y s t e m .  A 
2 h o u r  b u r n - o f f  o f  n e w ly  f i t t e d  la m p s  w a s  a l l o w e d  p r i o r  t o  u s e ,  and  
e a c h  la m p  w a s  r e p l a c e d  a f t e r  1 0 0  h o u r s  u s e .  The l i g h t  s o u r c e  w a s  
u s e d  i n  c o n j u n c t i o n  w i t h  a B a u s c h  and Lomb h i g h - i n t e n s i t y  g r a t i n g  
m o n o ch ro m a to r  w h ic h  w a s  f i t t e d  w i t h  a U V - v i s i b l e  d i f f r a c t i o n  
g r a t i n g  o f  1 3 5 0  l i n e s  p e r  m i l l i m e t e r  f o r  maximum e f f i c i e n c y  a t  3 0 0  
nm. O p e r a t i o n  i s  o v e r  a  w a v e l e n g t h  r a n g e  o f  2 0 0 - 8 0 0  nm w i t h  a 
s t a t e d  r e c i p r o c a l  d i s p e r s i o n  o f  6 . 4  nm/mm. M atched  f i x e d  s l i t  
d i s c s  w e r e  u s e d ;  t h e  e n t r a n c e  and e x i t  s l i t s  b e i n g  2 . 6 8  mm and 1 . 5  
mm, r e s p e c t i v e l y .
9 .  A r r a n g e m e n t  o f  O p t i c a l  B e n c h  f o r  M o n o c h r o m a t ic  
I r r a d i a t i o n  o f  t h e  C e l l s
A l l  o p t i c a l  c o m p o n e n t s  w e r e  a r r a n g e d  o n  a n  E a l i n g  B e c k  
o p t i c a l  b e n c h  and a s s o c i a t e d  s u p p o r t s ,  t h u s  a l l c w i n g  v e r t i c a l  and  
h o r i z o n t a l  a d j u s t m e n t s .  T he  a r r a n g e m e n t  o f  t h e  a p p a r a t u s  i s  shew n  
i n  F i g .  2 .
9 . 1  The S h u t t e r : T h i s  w a s  o f  t h e  same t y p e  a s  t h a t  d e s c r i b e d  i n  
t h e  p r e v i o u s  s e c t i o n .
8 .
J- - - - - L
F i g .  2 .  D ia g ra m  o f  a p p a r a t u s  f o r  31 3  nm i r r a d i a t i o n .
M ercu ry  UV S o u r c e (1) F o c u s i n g  L en s (5)
Q u a r tz  C o l l e c t i v e  L en s (2) M y la r -C  F i l t e r (6)
M on ochrom ator (3) I r r a d i a t i o n  C u v e t t e (7)




9 . 2  The F o c u s i n g  L e n s : T h i s  w a s  a 4 0  mm d i a m e t e r  s p e c t r o s i l  
b i c o n v e x  l e n s  h a v i n g  a  f o c a l  l e n g t h  o f  55 mm. T h i s  p r o d u c e d  a n  
i n v e r t e d  m a g n i f i e d  im age  o f  t h e  e x i t  s l i t  o f  t h e  m o n o ch ro m a to r  3 cm 
h i g h  and 1 cm w i d e ,  a l l o w i n g  c o m p l e t e  i l l u m i n a t i o n  o f  t h e  
i r r a d i a t i o n  c u v e t t e .
9 . 3  S t r a y  L i g h t  F i l t e r s ; To e l i m i n a t e  s t r a y  l i g h t  o f  s h o r t e r  
w a v e l e n g t h s  w h ic h  w o u ld  c o n t r i b u t e  s i g n i f i c a n t l y  t o  c e l l  
i n a c t i v a t i o n  b e c a u s e  o f  t h e i r  h i g h e r  e n e r g y  p r o p e r t i e s ,  a 2 . 5  yun 
f i l m  o f  M ylar  C (D u p o n t  L t d )  w a s  u s e d .  A p e r i o d  o f  a p p r o x i m a t e l y  2 
h o u r s  e x p o s u r e  t o  31 3  nm w a s  r e q u i r e d  t o  ' a g e '  t h e  f i l m ,  a f t e r  
w h ic h  t h e  t r a n s m i s s i o n  o f  t h e  f i l t e r  r e m a in e d  s t a b l e .  A UV 
t r a n s m i s s i o n  s p e c t r u m ,  r e l a t i v e  t o  a i r ,  o b t a i n e d  u s i n g  a P e r k i n -  
E lm er 5 5 0 S  s c a n n i n g  s p e c t r o p h o t o m e t e r  i s  shew n i n  F i g .  3 .
9 . 4  The I r r a d i a t i o n  C u v e t t e : A j a c k e t e d  1 0  mm i n t e r n a l  w i d t h ,  1 0  
mm p a t h l e n g t h  q u a r t z  c u v e t t e  (T h erm a l S y n d i c a t e  L t d )  w a s  u s e d  and  
h a s  b e e n  d e s c r i b e d  by K e l l a n d  ( 1 9 8 4 ) .  The t e m p e r a t u r e  o f  t h e  c e l l  
s u s p e n s i o n  w a s  m a i n t a i n e d  a t  0 °C  +_ 0 . 5 ° C  ( m o n i t o r e d  p e r i o d i c a l l y  
w i t h  a Comark p r o b e  th e r m o m e te r )  by  c i r c u l a t i o n  o f  a 5 0  p e r  c e n t  
e t h y l e n e  g l y c o l  : w a t e r  s o l u t i o n  t h r o u g h  t h e  j a c k e t e d  c u v e t t e .  An 
i n s u l a t e d  r e s e r v o i r  o f  t h e  e t h y l e n e  g l y c o l  s o l u t i o n  w a s  c o o l e d  by a  
U - c o o l  r e f r i g e r a t i o n  u n i t  ( N e s l a b  I n s t r u m e n t s  L t d )  and t h e  
t e m p e r a t u r e  r e g u l a t e d  by a h e a t i n g  c o i l  pump (G r a n t  I n s t r u m e n t s  
L t d ) .  The s o l u t i o n  w a s  t h e n  c i r c u l a t e d  a t  a  h i g h  f l e w - r a t e  t h r o u g h  
ru b b e r  t u b i n g  b y  a p e r i s t a l t i c  pump (W a tso n  M arlcw L t d ) .  Any 
c o n d e n s a t i o n  f o r m in g  o n  t h e  c u v e t t e  f a c e s  w a s  rem oved  a t  t h e  
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Fig. 3. Transmission characteristics of stray light filters.
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9 . 5  The S t i r r e r : C e l l  s u s p e n s i o n s  w e r e  s t i r r e d  d u r i n g  i r r a d i a t i o n
by m ean s  o f  a q u a r t z  p a d d l e  r o t a t i n g  i n  a l a b o r a t o r y  s t i r r e r  
( S t a n h o p e  S e t a  L t d )  a t  a p p r o x i m a t e l y  1 2 0 0  rpm.
1 0 .  A n a l y s i s  o f  E m i t t e d  R a d i a t i o n
A s e c o n d  m o n o c h r a n a to r  w a s  u s e d  t o  s c a n  t h e  s p e c tr u m  e m i t t e d  
fro m  t h e  m o n o ch ro m a to r  s y s t e m  and M ylar  C f i l t e r .  T h i s  s e c o n d  
a n a l y s i n g  m on o ch ro m a to r  w a s  an  O r i e l  7 2 4 0  g r a t i n g  m o n o c h r o m a to r  
w i t h  2 4 0 0  l i n e s  p e r  mm. The e n t r a n c e  and e x i t  s l i t s  w e r e  s e t  a t  
0 . 7  5 mm. I t  w a s  p o s i t i o n e d  o n  t h e  o p t i c a l  b e n c h  b e t w e e n  t h e  
s t r a y - l i g h t  f i l t e r  and t h e  i r r a d i a t i o n  c u v e t t e .  The e m i t t e d  
r a d i a t i o n  w a s  f o c u s s e d  o n t o  t h e  e n t r a n c e  s l i t  and d o s i m e t r y  
m e a s u r e m e n t s  o f  t h e  l i g h t  p a s s i n g  t h r o u g h  i t  made u s i n g  a 
c a l i b r a t e d  t h e r m o p i l e  ( s e e  u n d er  d o s i m e t r y  s e c t i o n ) .  The  
m e a s u r e m e n t s  w e r e  made a t  1 nm i n t e r v a l s  a t  + 10  nm frcra t h e  
maximum e m i s s i o n  w a v e l e n g t h  or  u n t i l  no  e m i t t e d  r a d i a t i o n  c o u l d  be  
d e t e c t e d .  An e m i s s i o n  s p e c tr u m  i s  sh ew n  i n  F i g .  4 .
1 1 .  G e n e r a l  P r o c e d u r e  f o r  UV I r r a d i a t i o n  o f  B a c t e r i a l  
S u s p e n s i o n s
A f t e r  t h e  a p p r o p r i a t e  g r o w th  p e r i o d  t h e  b a c t e r i a l  c e l l s  w e r e
h a r v e s t e d  and r e s u s p e n d e d  i n  i c e - c o l d  M9 s a l t s  s o l u t i o n  t o  g i v e  a
7
f i n a l  v i a b l e  c o u n t  o f  a p p r o x i m a t e l y  1 x  10  c o l o n y  f o r m in g  u n i t s  
p e r  m l .  The p e r i o d  o f  t i m e  b e t w e e n  h a r v e s t i n g  and i r r a d i a t i o n  o f  
t h e  b a c t e r i a l  s u s p e n s i o n  w a s  s t a n d a r d i z e d  a t  12 m i n u t e s .
1 1 . 1  P e n r a y  Lamp (2 5 4  nm)
The lam p  w a s  s w i t c h e d  o n  2 0  m i n u t e s  b e f o r e  u s e .  The b a c t e r i a l
o
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Fig. 4. An afialysis of the emitted spectrum at 313 nm of the Bausch and Lomb monochromator 
fitted with a Mylay-C filter
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and 9 ml t r a n s f e r r e d  t o  t h e  i r r a d i a t i o n  v e s s e l  w h ic h  had b e e n  
s t e r i l i z e d  by h o l d i n g  a t  1 6 0 °C  f o r  a t  l e a s t  o n e  h o u r .  A 0 . 2  ml 
a l i q u o t  w a s  rem oved  f o r  i n i t i a l  v i a b l e  c o u n t  a s s e s s m e n t  and a f t e r  
e a c h  s u b s e q u e n t  f l u e n c e  t o  d e t e r m i n e  t h e  s u r v i v i n g  f r a c t i o n .
1 1 . 2  B a u s c h  and Lomb Lamp (313nm )
The la m p  w a s  s w i t c h e d  o n  4 0  m i n u t e s  p r i o r  t o  i r r a d i a t i o n  o r  
u n t i l  t h e  t h e r m o p i l e  r e a d i n g  w a s  s t e a d y  ( s e e  D e t e r m i n a t i o n  o f  
F l u e n c e  R a t e ) .  The i r r a d i a t i o n  c u v e t t e  w a s  a l i g n e d  o n  t h e  o p t i c a l  
b e n c h  s u c h  t h a t  t h e  beam c o v e r e d  i t s  e n t i r e  f a c e .  A t h e r m o p i l e  
( O r i e l  p r o d u c t s  Model 7 1 0 2 ) ,  m ounted  i n  a s l i d i n g  s a d d l e  a d j a c e n t  
t o  t h e  c u v e t t e  w a s  moved i n t o  t h e  beam and a d j u s t e d  s u c h  t h a t  t h e  
d i s t a n c e  b e t w e e n  i t  an d  t h e  lam p  w a s  e q u a l  t o  t h a t  o f  t h e  f a c e  o f  
t h e  c u v e t t e  and t h e  la m p . A s e r i e s  o f  m i c r o v o l t  r e a d i n g s  w e r e  t a k e n  
u s i n g  t h e  f o c a l  p l a n e  s h u t t e r .  The i r r a d i a t i o n  c u v e t t e  w a s  m oved  
b a c k  i n t o  p o s i t i o n ,  r i n s e d  t w i c e  w i t h  s t e r i l e  M9 s a l t s  s o l u t i o n ,  
t h e  s t i r r i n g  p a d d l e  i n t r o d u c e d  and s w i t c h e d  o n  and  t h e  w h o l e  
a s s e m b ly  s t e r i l i z e d  by 15 m i n u t e s  e x p o s u r e  t o  254 nm i r r a d i a t i o n  
from  a P e n r a y  lam p . A 3 ml v o lu m e  o f  t h e  t e s t  s u s p e n s i o n  w a s  
i n t r o d u c e d  i n t o  t h e  s t e r i l i z e d  c u v e t t e .  The c i r c u l a t i o n  o f  c o o l a n t  
t h r o u g h  t h e  j a c k e t  s u r r o u n d i n g  t h e  c u v e t t e  w a s  s w i t c h e d  o n ,  and a 5 
m in u t e  p e r i o d  a l l o w e d  f o r  t h e  s u s p e n s i o n  t o  r e a c h  0 °C .
1 2 .  D e t e r m i n a t i o n  o f  t h e  F l u e n c e  R a t e  o f  U l t r a v i o l e t  R a d i a t i o n
1 2 . 1  254nm s o u r c e
The f l u e n c e  r a t e  w a s  d e t e r m in e d  by r o u t i n e  c h e m i c a l  
a c t i n o m e t r y  (H a tc h a r d  and P a r k e r ,  1 9 5 6 ) .  The m eth o d  u s e s  p o t a s s i u m
83
f e r r i o x a l a t e  a s  t h e  a c t i n o m e t e r  and r e l i e s  o n  t h e  l i g h t - c a t a l y s e d  
2 +
p r o d u c t i o n  o f  F e  i o n s  i n  a s o l u t i o n  o f  K3F e ( C 204 ) 3 . The s o l u t i o n  
a b s o r b s  l i g h t  c o m p l e t e l y  i n  t h e  UV r e g i o n ,  t h e  y i e l d  i s  i n d e p e n d e n t  
o f  t h e  f l u e n c e  r a t e  and t h e  quantum  y i e l d  o f  t h e  r e a c t i o n  i s  
c o n s t a n t .
A c t i n o m e t r y  w as p e r fo r m e d  u n d er  r e d  l i g h t  a c c o r d i n g  t o  t h e  
m e th o d  o f  J a g g e r  ( 1 9 6 7 ) ,  by i r r a d i a t i o n  o f  8 .8  ml o f  a c t i n o m e t e r  i n  
t h e  i r r a d i a t i o n  v e s s e l .  I t  w a s  i n t e n d e d  t h a t  t h i s  m eth od  w o u ld  
t a k e  i n t o  a c c o u n t  any i n t e r n a l  r e f l e c t i o n  a r i s i n g  from  t h e  u s e  o f  
t h e  g l a s s  i r r a d i a t i o n  v e s s e l .  A c a l i b r a t i o n  c u r v e  o f  o p t i c a l  
d e n s i t y  a t  5 1 0  nm a g a i n s t  am ount o f  f e r r o u s  i o n  ( sh o w n  i n  t h e  
a p p e n d i x  A3) w a s  c o n s t r u c t e d  and u s e d  t o  d e t e r m i n e  t h e  amount o f  
f e r r o u s  i o n  fo r m e d  by t h e  r a d i a t i o n .  The f l u e n c e  r a t e  w a s  
c a l c u l a t e d  from  t h i s ,  u s i n g  t h e  c o n s t a n t  p e r t a i n i n g  t o  254nm ( s e e  
J a g g e r ,  1 9 6 7 ) .
1 2 . 2  313nm S o u r c e
T he f l u e n c e  r a t e  w a s  d e t e r m in e d  u s i n g  a n  O r i e l  7 1 0 2  t h e r m o p i l e  
( O r i e l  S c i e n t i f i c  L t d . ,  K i n g s t o n - u p o n - T h a m e s ) . As d e s c r i b e d  
e a r l i e r ,  t h e  t h e r m o p i l e  w a s  m ou n ted  i n  a s l i d i n g  s a d d l e  b e s i d e  t h e  
i r r a d i a t i o n  c u v e t t e  and a d j u s t e d  s u c h  t h a t  t h e  lam p  and d e t e c t o r  
w e r e  e q u i - d i s t a n t  t o  t h a t  o f  t h e  lam p  and t h e  i n s i d e  f r o n t  f a c e  o f  
t h e  i r r a d i a t i o n  c u v e t t e .  O u tp u t  v o l t a g e s  w e r e  m e a su r e d  w i t h  a 
K e i t h l e y  1 8 1  n a n o v o l t m e t e r  ( K e i t h l e y  I n s t r u m e n t s ,  C l e v e l a n d  OH).
The f l u e n c e  r a t e  w a s  d e t e r m i n e d  a g a i n  a f t e r  e a c h  i r r a d i a t i o n .
1 2 . 3  C a l i b r a t i o n  o f  t h e  T h e r m o p i l e
C o n v e r s i o n  o f  t h e  i n c i d e n t  e n e r g y  from  m i c r o v o l t s  t o  f l u e n c e  
r a t e  w a s  made by r e f e r e n c e  t o  t h e  c a l i b r a t i o n  f o r  t h e  t h e r m o p i l e
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d e t e r m i n e d  by p o t a s s i u m  f e r r i o x a l a t e  a c t i n o m e t r y .  A number o f  
f l u e n c e  r a t e s  o b t a i n e d  a t  d i f f e r e n t  d i s t a n c e s  from  t h e  UV s o u r c e  
w e r e  d e t e r m i n e d  by c h e m i c a l  a c t i n o m e t r y  and p l o t t e d  a g a i n s t  t h e  
t h e r m o p i l e  r e a d i n g  f o r  t h e  O r i e l  7102  d e t e c t o r .  T h i s  g r a p h  i s  
shew n i n  F i g .  5 .  The s l o p e ,  f i t t e d  by l e a s t  s q u a r e s  l i n e a r  
r e g r e s s i o n  a n a l y s i s ,  r e s u l t e d  i n  a c o n v e r s i o n  f a c t o r  f o r  m i c r o v o l t s  
t o  Wnf2 o f  0 . 0 2 2 7 3 .
1 3 .  A c e to p h e n o n e
A c e to p h e n o n e  ( A l d r i d g e  C h e m ic a l  Co) w a s  s t o r e d  a s  a 1 0  p e r  
c e n t  s o l u t i o n  i n  d i m e t h y l s u l p h o x i d e  (DMSO) (BDH, A n a la r  g r a d e ,
P o o l e )  i n  s t e r i l e  25 ml M cC artney  B o t t l e s .  T he b o t t l e s  w e r e  
w r a p p ed  i n  f o i l  and k e p t  a t  room t e m p e r a t u r e  f o r  up t o  o n e  m o n th .
1 4 .  P h o t o r e a c t i v a t i o n  P r o c e d u r e s
1 4 . 1  A p p a r a tu s
The a p p a r a t u s  i s  shew n d i a g r a m m a t i c a l l y  i n  F i g .  6 . A l l  
f i t t i n g s  w e r e  m ou n ted  o n  a n  o p t i c a l  b e n c h .
1 4 . 2  L i g h t  S o u r c e s
1 4 . 2 . 1  C o n t in u o u s  b r o a d -b a n d  i l l u m i n a t i o n . A 5 0 0 - W a t t  q u a r t z  
h a l o g e n  la m p  (FFX S y l v a n i a  E l e c t r i c  P r o d u c t s  I n c .  USA) i n  a n  
A n s c o m a t i c  604 s l i d e  p r o j e c t o r  (GAF GB L td )  w a s  u s e d .  The p r o j e c t o r  
a s s e m b l y  i n c l u d e d  a c o o l i n g  f a n  and a c o n d e n s i n g - f o c u s i n g  s y s t e m .
1 4 . 2 . 2  H igh  i n t e n s i t y  m i l l i s e c o n d  f l a s h . When d e t e r m i n i n g  t h e  
number o f  enzym e s u b s t r a t e  c o m p le x e s  and i n v e s t i g a t i n g  t h e  k i n e t i c s  
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THERMOPILE READING (microvolts)
Fig. 5. Calibration curve for the Oriel 7102 thermopile, 
plotting fluence rate determined by actinometry against the 
thermopile reading in microvolts (r = 0.998).
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F i g .  6 . D ia g ra m  o f  a p p a r a t u s  u s e d  f o r  p h o t o r e a c t i v a t i o n .
G .A .F .  P r o j e c t o r  (1) T e m p e r a tu r e  C o n t r o l  U n i t /
(4)
S h u t t e r  (2 )  I l l u m i n a t i o n  V e s s e l




d e v e l o p e d  by Harm and R u p e r t  ( 1 9 6 8 )  w as u s e d .  A b a t t e r y - p o w e r e d  
N a t i o n a l  P E -3 0 6 4  f l a s h  gun w a s  u s e d ,  w h ic h  had a r e c h a r g i n g  t i m e  o f  
a p p r o x i m a t e l y  15 s e c o n d s .  The gun w a s  t r i g g e r e d  m a n u a l l y .
1 4 . 3  F i l t e r s
The c o n t i n u o u s  b r o a d - b a n d  l i g h t  w a s  f i l t e r e d  t h r o u g h  a 2 cm 
p a t h l e n g t h  s o l u t i o n  c o n t a i n i n g  1.2% c o p p e r  s u l p h a t e  and 1.4%  
c o b a l t o u s  s u l p h a t e  and a p u r p l e  g l a s s  f i l t e r  ( E a l i n g  2 6 - 3 3 8 4 ) .  The  
r e s u l t i n g  t r a n s m i s s i o n  s p e c tr u m  i s  shown i n  F i g .  7 .  The t r a n s ­
m i t t e d  l i g h t  w a s  a c o n t i n u o u s  band o f  w a v e l e n g t h s  b e t w e e n  3 5 0  and  
4 2 0  nm, w h ic h  i s  t h e  b i o l o g i c a l l y  e f f e c t i v e  r e g i o n  f o r  p h o t o ­
r e a c t i v a t i o n  ( t h i s  w o r k ;  J a g g e r  e t  a l . ,  1 9 6 9 ) .
1 4 . 4  I l l u m i n a t i o n  V e s s e l
The b a c t e r i a l  s u s p e n s i o n  f o r  p h o t o r e a c t i v a t i o n  w a s  p l a c e d  i n  a  
1 cm p a t h l e n g t h  g l a s s  c u v e t t e  f i t t e d  w i t h  a p l a s t i c  l i d .  T h e s e  w e r e  
s t o r e d  i n  70% e t h a n o l ,  d r i e d  by a s tr e a m  o f  c o m p r e s s e d  a i r  and  
s t e r i l i z e d  by 254  nm r a d i a t i o n  from  a P en ra y  lam p f o r  1 0  m i n u t e s .
1 4 . 5  T e m p e r a tu r e  C o n t r o l  U n i t
T h i s  c o n s i s t e d  o f  a r e c t a n g u l a r  g l a s s  v e s s e l  1 0  cm x  1 0  cm x
2 . 5  cm w i t h  tw o  o p t i c a l l y  f l a t  s u r f a c e s  ( E a l i n g  L t d )  and  an  
a lu m in iu m  l i d  a s s e m b l y  i n c o r p o r a t i n g  an  i n s e r t  t o  h o l d  t h e  
i l l u m i n a t i o n  v e s s e l  i n  t h e  l i g h t  p a t h .  A c o n t i n u o u s  f l e w  o f  w a t e r  
w a s  s u p p l i e d  t o  t h e  j a c k e t  t h r o u g h  o n e  tu b e  from  a w a t e r  b a t h  
( G a l le n k a m p )  f i t t e d  w i t h  a t h e r m o s t a t i c  p u m p - h e a t e r  ( S h a n d o n ,
L o n d o n ) ,  and rem oved  by  a c o n s t a n t - l e v  e l  sy p h o n  t u b e .  F or  
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t e m p e r a t u r e ,  a b a t h - c o o l e r  w a s  u s e d  ( U - c o o l ,  N e s l a b  I n s t r u m e n t s  
L t d ) .  T e m p e r a tu r e  e q u i l i b r a t i o n  w a s  a c h i e v e d  i n  a p p r o x i m a t e l y  4 
m i n u t e s  and  m a i n t a i n e d  t h r o u g h o u t  w i t h i n  +_ 0 . 1 ° C .  R o u t i n e  
t e m p e r a t u r e  m e a s u r e m e n t s  w e r e  made t h r o u g h o u t  e a c h  e x p e r i m e n t  u s i n g  
a Comark p r o b e  t h e r m o m e t e r .
1 4 . 6  P h o t o r e a c t i v a t i o n  w i t h  M o n o ch ro m a tic  I l l u m i n a t i o n
The i l l u m i n a t i o n  v e s s e l  and t e m p e r a t u r e  c o n t r o l  u n i t  w e r e  
f i t t e d  t o  t h e  B a u s c h  and Lamb S P 2 0 0  M ercury  lam p and h i g h  i n t e n s i t y  
g a t i n g  m o n o ch ro m a to r  d e s c r i b e d  p r e v i o u s l y  ( s e e  '313nm  
i r r a d i a t i o n ' ) .  The s t r a y - l i g h t  f i l t e r s  l i s t e d  i n  T a b l e  3 h a v e  b e e n  
u s e d  by K e l l a n d  ( 1 9 8 4 )  f o r  t h e  d e t e r m i n a t i o n  o f  UV i n a c t i v a t i o n  
a c t i o n  s p e c t r a  and w e r e  c o n s i d e r e d  a p p r o p r i a t e  f o r  t h i s  s t u d y .  The 
t r a n s m i s s i o n  p r o p e r t i e s  o f  t h e s e  f i l t e r s  a r e  i n c l u d e d  i n  F i g .  3 .
T a b le  3 .  D e t a i l s  o f  S t r a y  L i g h t  F i l t e r s  u s e d  i n  M o n o c h r o m a t ic  
P h o t o r e a c t i v a t i o n  E x p e r i m e n t s .
STRAY LIGHT FILTER EXPERIMENTAL RANGE (nm)
MYLAR-C 2 . 5  yarn 
CORNING 0 - 5 2  
CORNING 0 - 5 1
3 1 3 - 3 4 0
3 5 0 - 3 9 0
4 0 0 - 6 0 0
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1 4 . 7  M ethod o f  P h o t o r e a c t i v a t i o n
A f t e r  UV i r r a d i a t i o n  t h e  s u s p e n s i o n  t o  b e  p h o t o r e a c t i v a t e d  w a s
h e l d  i n  a 2 5 °C  w a t e r  b a t h  f o r  2 0  m i n u t e s  t o  a l l c w  f o r  t h e  f o r m a t i o n
o f  t h e  p h o t o r e a c t i v a t i n g  e n z y m e - s u b s t r a t e  c o m p l e x e s .  The c u v e t t e
w a s  t h e n  p l a c e d  i n  t h e  t e m p e r a t u r e  c o n t r o l  u n i t .  U n l e s s  o t h e r w i s e
o
s t a t e d ,  a l l  p h o t o r e a c t i v a t i o n  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  a t  25 C.
H o w ev er ,  f o r  t h e  t e m p e r a t u r e  s t u d i e s ,  a 2 0  m in u t e  p e r i o d  a t  25°C  
w a s  a l w a y s  a l l o w e d  t o  e l a p s e  p r i o r  t o  e q u i l i b r a t i o n  t o  t h e  r e q u i r e d  
t e m p e r a t u r e .
A p i e c e  o f  o p a q u e  m a t e r i a l  w a s  p l a c e d  b e t w e e n  t h e  p r o j e c t o r  
a s s e m b l y  and t h e  i r r a d i a t i o n  v e s s e l ,  a f t e r  w h ic h  t h e  lam p w a s  
s w i t c h e d  o n .  T h i s  s c r e e n  w a s  rem oved  a t  t h e  sam e i n s t a n t  a s  t h e  
t r i g g e r i n g  o f  t h e  f l a s h  gun ( i t  w a s  e s t i m a t e d  t h a t  t h e  t im e  
i n v o l v e d  w a s  a p p r o x i m a t e l y  1 s e c o n d ) .  A p i e c e  o f  o p a q u e  m a t e r i a l  
w a s  t h e n  p l a c e d  i n  f r o n t  o f  t h e  f l a s h  gun t o  m i n i m i s e  e r r o r s  
a r i s i n g  d u e  t o  r e f l e c t i o n .  The p e r i o d  o f  i l l u m i n a t i o n  w a s  t im e d  
u s i n g  a s t o p  w a t c h .
S e p a r a t e  UV i r r a d i a t e d  s a m p le s  w e r e  u s e d  f o r  e a c h  
p h o t o r e a c t i v a t i n g  e x p o s u r e ,  s i n c e  i t  h a s  b e e n  shew n t h a t  
f r a c t i o n a t e d  d o s e s  h a v e  a n  i n c r e a s e d  e f f e c t  ( T y r r e l l ,  1 9 7 1 ) .
A c o m p a r a t i v e  e s t i m a t e  o f  t h e  f l u e n c e  r a t e  w a s  made u s i n g  t h e  
c a l i b r a t e d  t h e r m o p i l e ,  w h ic h  w a s  p o s i t i o n e d  s u c h  t h a t  i t s  window  
c o r r e s p o n d e d  t o  t h e  f r o n t  f a c e  o f  t h e  g l a s s  c u v e t t e .
RESULTS AND DISCUSSION -  PART I
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The f o u r  p r i n c i p l e  t e s t  o r g a n i s m s  u s e d  i n  t h i s  s t u d y  w e r e  
AB24 8 0 ,  DY326, AS44 and AS46 ( s e e  A p p e n d ix  1 ) .  A l l  o f  t h e s e  
o r g a n i s m s  a r e  u v r  r e c A , and a r e  t h u s  d e f i c i e n t  i n  e x c i s i o n  r e p a i r  
and g e n e t i c  r e c o m b i n a t i o n .  I n  t h i s  s e c t i o n  t h e  i s o l a t i o n  o f  AS44 
( a  r e c A  d e r i v a t i v e  o f  SA206) and AS46 ( a  r e c A  phrB d e r i v a t i v e  o f  
S A 206) i s  d e s c r i b e d .
S t r a i n  c o n s t r u c t i o n  w a s  p e r fo r m e d  by t h e  b a c t e r i o p h a g e  
t r a n s d u c t i o n  m eth o d  f i r s t  d e s c r i b e d  by L ennox  ( 1 9 5 5 )  and by  t h e  
g e n e r a l  p r o c e d u r e  o f  M i l l e r ,  197 2 .  The t e m p e r a t u r e - s e n s i t i v e  
'p h a g e  P l : : T n 9 ,  i s o l a t e d  by R o sn e r  ( 1 9 7 2 ) ,  w as  u s e d .  T h i s  m u ta n t  
o f  P I ,  w h ic h  c a r r i e s  t h e  c h l o r a m p h e n i c o l - r e s i s t a n c e  t r a n s p o s o n  Tn9 
and m a k es  c l e a r  p l a q u e s  a t  h i g h  t e m p e r a t u r e  ( 4 2 ° C ) ,  b u t  t u r b i d  
p l a q u e s  a t  l e w  t e m p e r a t u r e  ( 3 2 ° C ) ,  i s  o f  p a r t i c u l a r  v a l u e  b e c a u s e  
d o n o r - s t r a i n  l y s o g e n s  c a n  be i s o l a t e d  a t  3 2 °  by t h e  a c q u i s i t i o n  o f  
c h l o r a m p h e n i c o l  r e s i s t a n c e ,  and t h e n  h e a t  i n d u c e d  a t  4 2 °C  t o  
p r o d u c e  a t r a n s d u c i n g  l y s a t e .
1 . 1  I s o l a t i o n  o f  a P l : ; T n 9  L y s o q e n  o f  t h e  D onor S t r a i n
One d r o p  o f  P l : : T n 9  l y s a t e  w a s  a d d ed  t o  1 ml o f  an  o v e r n i g h t
c u l t u r e  o f  t h e  d o n o r  s t r a i n  grew n  a t  3 7 °C  i n  LB medium ( s e e
- 3
A p p e n d ix  2 )  s u p p l e m e n t e d  w i t h  1 0  p g /m l  th y m in e  and 5 x 1 0  M
CaCl^ ( L B t ) .  A f t e r  i n c u b a t i o n  a t  30°C  f o r  2 0  m i n u t e s ,  o n e
i n o c u l a t i n g  l o o p f u l  w a s  s t r e a k e d  o n t o  a n  L-CAP p l a t e  ( s e e  A p p e n d ix
2) an d  i n c u b a t e d  a t  3 0 ° C  f o r  24 h o u r s .  C o l o n i e s  w e r e  r e p l i c a t e d
o  oo n t o  L-CAP p l a t e s  an d  i n c u b a t e d  a t  3 0  and 42 C. T h o s e  u n a b l e  t o
grew a t  4 2 °C  w e r e  i d e n t i f i e d  a s  P l : : T n 9  l y s o g e n s .
1 . 2  L y s o g e n  I n d u c t i o n
L y s o g e n s  w e r e  g r e w n  o v e r n i g h t  a t  3 0°C  i n  l y s o g e n  b r o t h
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( A p p e n d ix  2 ) .  One h u n d r e d  m l o f  p re -w a rm ed  l y s o g e n  b r o t h ,  
i n o c u l a t e d  w i t h  1 ml o f  t h e  o v e r n i g h t  c u l t u r e ,  w a s  s h a k e n  a t  3 0 °  
f o r  2 h o u r s  u n t i l  r e a c h i n g  e a r l y  l o g a r i t h m i c  p h a s e ,  b e f o r e  b e i n g
t r a n s f e r r e d  t o  a 4 0°C  w a t e r  b a t h  (G a l le n k a m p  L t d )  and  s h a k e n  f o r  4 0
m i n u t e s .  A f t e r  c h i l l i n g  o n  i c e  f o r  1 0  m i n u t e s  and  c e n t r i f u g a t i o n  
a t  4 0 0 0  rpm ( 2 5 0 0 g ,  MSE C h i l s p i n )  f o r  15 m i n u t e s  a t  4 ° C ,  9 0  p e r  
c e n t  o f  t h e  s u p e r n a t a n t  w a s  rem oved  and t h e  p e l l e t  r e s u s p e n d e d  i n  
t h e  r e m a in in g  b r o t h ,  t h u s  e f f e c t i n g  a 10- f o l d  c o n c e n t r a t i o n  o f  t h e  
b a c t e r i a l  c e l l s .  The b a c t e r i a l  s u s p e n s i o n  w a s  s h a k e n  a t  3 7 ° C  f o r  3 
h o u r s  u n t i l  l y s i s  o c c u r r e d  due t o  'p h a g e  l i b e r a t i o n .
Ten d r o p s  o f  c h l o r o f o r m  p e r  1 0 0  ml c u l t u r e  w e r e  a d d ed  and
s h a k i n g  c o n t i n u e d  a t  3 7 °C  f o r  a f u r t h e r  15 m i n u t e s .  The c e l l
d e b r i s  w a s  rem oved  by c e n t r i f u g a t i o n  a t  4 0 0 0  rpm f o r  2 0  m i n u t e s  a t  
4 ° C .  The s u p e r n a t a n t  w a s  s t o r e d  i n  25 ml g l a s s ,  s c r e w - t o p p e d  
b o t t l e s  (M cC artn ey  b o t t l e s ) ,  w i t h  a fe w  d r o p s  o f  c h l o r o f o r m ,  a t  
4 ° C .  The 'p h a g e  t i t e r  o f  l y s a t e s  s t o r e d  i n  t h i s  w ay r e m a in e d
c o n s t a n t  o v e r  s e v e r a l  m o n th s .
1 . 3  D e t e r m i n a t i o n  o f  t h e  B a c t e r i o p h a g e  t i t e r
The l y s a t e  t i t e r  w a s  d e t e r m i n e d  by  t h e  m eth o d  d e s c r i b e d  by
M i l l e r  ( 1 9 7 2 ) .  S e r i a l  d i l u t i o n s  o f  t h e  l y s a t e  w e r e  p r e p a r e d  i n  MC
b u f f e r  ( 1 0  mM MgSO^, 5 mM C a C l^ ) .  P r e - a d s o r p t i o n  o f  t h e  'p h a g e  w a s
—1 —8e f f e c t e d  by m i x i n g  0 .1  ml o f  10  t o  10  d i l u t i o n s  o f  t h e  'p h a g e  
s u s p e n s i o n  w i t h  0 .1  ml o f  an  o v e r n i g h t  c u l t u r e  o f  a s e n s i t i v e  
s t r a i n  o f  b a c t e r i a  i n  L B t b r o t h  ( n o r m a l l y  t h e  ' r e c i p i e n t '  s t r a i n  
u s e d  i n  s u b s e q u e n t  t r a n s d u c t i o n  e x p e r i m e n t s ) .  A f t e r  1 0  m i n u t e s  a t  
3 7 ° c ,  e a c h  p r e - a d s o r p t i o n  m i x t u r e  w a s  p l a t e d  i n  3 . 5  ml o f  m o l t e n  
R - t o p  a g a r  (A p p e n d ix  2 )  a t  4 2 °C  o v e r  R - p l a t e s  (A p p e n d ix  2 ) .  A f t e r  
a l l o w i n g  t o  d r y ,  t h e  p l a t e s  w e r e  i n c u b a t e d  o v e r n i g h t  a t  3 7 ° C .  On
93
d a y  2 , t h e  p l a q u e s  w e r e  c o u n t e d  and t h e  number o f  'p h a g e  p e r  ml o f  
t h e  o r i g i n a l  l y s a t e  c o m p u te d .  T y p i c a l  r e s u l t s  fro m  f o u r  
e x p e r i m e n t s  a r e  shew n i n  T a b l e  1 . 1 .
T a b l e  1 . 1  R e s u l t  o f  P l a q u e  A s s a y s  o f  P l ; ; T n 9  T r a n s d u c in g  
L y s a t e s
EXPERIMENT PLAQUE COUNTS MEAN DILUTION PFU/ml
NUMBER p e r  0 .1 m l  FACTOR
1 122 , 1 3 1 ,  72 1 0 8 . 0 i o 6 l .O O x lO 9
2 1 2 4 , 1 5 6 ,1 1 2 1 3 1 . 0 105 1 .3 1 x 1 0 ®
3 20 , 1 4 ,  25 1 9 .6 7 i o 7 2 . 00x 109
4 5 2 , 4 7 ,  69 5 6 . 0 i o 7 5 . 6 0 x 1 0 9
1 . 4  T r a n s d u c t i o n
T r a n s d u c t i o n  w a s  p e r fo r m e d  by t h e  m e th o d  d e s c r i b e d  by M i l l e r
( 1 9 7 2 ) .  An o v e r n i g h t  c u l t u r e  o f  t h e  r e c i p i e n t  s t r a i n ,  grew n  i n  LBt
b r o t h  a t  3 7 ° C ,  w a s  c e n t r i f u g e d  a t  4 0 0 0  rpm ( 2 5 0 0 g ,  MSE C h i l s p i n )
f o r  15 m i n u t e s ,  r e s u s p e n d e d  i n  MC b u f f e r  and s h a k e n  a t  3 7 °C f o r  3 0
m i n u t e s .  T en -  t o  o n e - t h o u s a n d  f o l d  d i l u t i o n s  o f  t h e  'p h a g e  l y s a t e
w e r e  p r e p a r e d  by  s e r i a l  d i l u t i o n  i n  MC b u f f e r ,  and e q u i l i b r a t e d  t o
3 7 ° C .  A 0 . 1  ml a l i q u o t  o f  t h e  l y s a t e  ( o r  d i l u t i o n )  w a s  i n c u b a t e d
w i t h  0 . 1  ml o f  r e c i p i e n t  c e l l s  i n  a p r e -w a rm ed  t e s t - t u b e  a t  37 °C
f o r  3 0  m i n u t e s ,  a f t e r  w h ic h  0 . 2  ml o f  1M so d iu m  c i t r a t e  w a s  ad d ed  
2 +t o  c h e l a t e  t h e  Mg i o n s  n e c e s s a r y  f o r  ' p h a g e  a d s o r p t i o n .  The  
p r e - a d s o r p t i o n  m i x t u r e  w a s  p l a t e d  i n  3 . 5  ml F - t o p  a g a r  (A p p e n d ix  2)  
a t  4 2 ° C  o v e r  t h e  a p p r o p r i a t e  s e l e c t i v e  medium. The p l a t e s  w e r e
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i n c u b a t e d  a t  37 C f o r  4 8 - 7 2  h o u r s .
2 .  C o n s t r u c t i o n  o f  phrB D e r i v a t i v e s
JE. c o l i  K-12 DY314 (A p p e n d ix  1 )  w as u s e d  a s  t h e  s o u r c e  o f  t h e  
phrB m u t a t i o n .  T h i s  w a s  t h e  o r i g i n a l  p h r  m u t a t i o n  i s o l a t e d  by Harm 
and H i l l e b r a n d t  (1 9 6  2 )  a s  a  p h o t o r e a c t i v a t i o n - d e f i c i e n t  m u ta n t  o f  
JE. c o l 1 B, and t r a n s d u c e d  i n t o  DY314 ( s e e  A p p e n d ix  1 ) .  A l y s a t e  
w a s  p r e p a r e d  a s  d e s c r i b e d  a b o v e .  The c l o s e  p r o x i m i t y  o f  phrB t o  
t h e  galKTE l o c u s  o n  t h e  g e n e t i c  map (Bachmann, 1 9 8 3 )  i n d i c a t e d  t h a t  
s e l e c t i o n  o f  t r a n s d u c t a n t s  o n  M9 m in im a l  m e d ia  s u p p le m e n t e d  w i t h  
0.2% g a l a c t o s e  (A p p e n d ix  2 )  and  s c o r i n g  t h e s e  f o r  t h e  phr  
p h e n o t y p e ,  w o u ld  be  a n  a p p r o p r i a t e  s e l e c t i o n  p r o t o c o l .  In  t h e i r  
p h r  m apping  s t u d i e s ,  Y ou n gs and S m ith  (1 9 7  8 ) r e p o r t e d  a 28 p e r  c e n t  
c o - t r a n s d u c t i o n  f r e q u e n c y  b e t w e e n  g a l  and p h r B .
I n  t h i s  w o r k ,  52  GAL+ t r a n s d u c t a n t s  w e r e  p i c k e d  and  r e p l i c a t e d  
o n t o  4 n u t r i e n t  a g a r  p l a t e s  f i t t e d  o v e r  a g r i d  t e m p l a t e .  Each  
p l a t e  w a s  t r e a t e d  i n  t h e  f o l l o w i n g  w ay:
PLATE NUMBER TREATMENT
1 C o n t r o l
2 80  J n f 2 254  nm UV
- 2
3 8 0  Jm 254  nm UV f o l l o w e d  by 1 hour
p h o t o r e a c t i v a t i o n  u n d er  a s p o t l i g h t
4 C o n t r o l
o
A f t e r  4 8 h o u r s  i n c u b a t i o n  a t  37 C, 14 c o l o n i e s  w e r e  s e l e c t e d  
a s  p o t e n t i a l l y  PHR . An i n o c u l a t i n g  l o o p f u l  o f  e a c h  c o l o n y  w a s  
r e s u s p e n d e d  i n  5 ml o f  M9 s a l t s  s o l u t i o n .  T en  }iL o f  t h i s  
s u s p e n s i o n  w a s  p i p e t t e d  o n t o  t h e  s u r f a c e  o f  e a c h  o f  f o u r  n u t r i e n t
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a g a r  p l a t e s ,  and t h e  s e l e c t i o n  t r e a t m e n t  d e s c r i b e d  a b o v e  r e p e a t e d ,
- 2e x c e p t  t h e  254  nm f l u e n c e s  w e r e  r e d u c e d  t o  4 0  Jm . S e v e n  ( 5 0  p e r  
c e n t )  o f  t h e  t r a n s d u c t a n t s  w e r e  fo u n d  t o  b e  PHR . S t r a i n  AS45 w a s  
s e l e c t e d  f o r  f u l l  UV s u r v i v a l  and p h o t o r e a c t i v a t i o n  s t u d i e s .  The  
14 p e r  c e n t  c o - t r a n s d u c t i o n  o f  g a l  and p h r  w a s  a p p r o x i m a t e l y  5 0  p e r  
c e n t  l c w e r  t h a n  t h a t  r e p o r t e d  by Y oungs and  S m ith  ( 1 9 7 8 ) .  H o w ev er ,  
i n  t h i s  s t u d y  t h e  r e c i p i e n t  s t r a i n ,  SA206, had a d e l e t i o n  e x t e n d i n g  
th r o u g h  g a l , and s o  t h e  a b s e n c e  o f  p a r t i a l l y  h o m o lo g o u s  DNA may b e  
e x p e c t e d  t o  s i g n i f i c a n t l y  r e d u c e  t h e  t r a n s d u c t i o n  o f  t h i s  m a r k e r .
I n  t h e  phrB m ap p in g  s t u d i e s  r e p o r t e d  i n  t h i s  w ork  ( s e e  
T r a n s d u c t i o n  M apping o f  p h r B ) ,  t h e  t r a n s d u c t i o n  f r e q u e n c i e s  
r e p o r t e d  by Y ou n gs and  S m ith  (1 9 7  8 ) h a v e  b e e n  c o n f i r m e d  u s i n g  a  
s t r a i n  h a v i n g  a p o i n t - m u t a t i o n  i n  g a l .
3 .  C o n s t r u c t i o n  o f  recA  D e r i v a t i v e s
C sonka and C l a r k e  ( 1 9 8 0 )  h a v e  c o n s t r u c t e d  J C 1 0 2 4 0 ,  a n  H f r  
s t r a i n  c a r r y i n g  t h e  t e t r a c y c l i n e  r e s i s t a n c e  t r a n s p o s o n  (T n lO )  
i n s e r t e d  i n t o  t h e  s r l A  g e n e  ( D - g l u c i t o l - s p e c i f i c  en zym e I I  o f  t h e  
p h o s p h o t r a n s f e r a s e  s y s t e m ) ,  i n  a d d i t i o n  t o  t h e  recA 56  m u t a t i o n .
S i n c e  t h e  s r l A : :T n lO  m arker i s  a p p r o x i m a t e l y  0 . 1  m in u t e  fr o m  re c A  
on t h e  K-12 ch rom osom e (Bachm ann, 1 9 8 3 ) ,  a h i g h  f r e q u e n c y  o f  
c o - t r a n s d u c t i o n  w o u ld  b e  e x p e c t e d ;  s e l e c t i o n  b e i n g  f o r  a c q u i s i t i o n  
o f  t e t r a c y c l i n e - r e s i s t a n c e  and s c r e e n i n g  f o r  i n c r e a s e d  s e n s i t i v i t y  
t o  25 4  nm UV r a d i a t i o n .  H ow ever, Yamamoto e t  a l .  ( 1 9 8 3 b )  f a i l e d  t o  
i s o l a t e  r e c A  t r a n s d u c t a n t s  u s i n g  J C 1 0 2 4 0  a s  t h e  d o n o r ,  and  
a t t r i b u t e d  t h i s  t o  lo w  t i t e r  PI l y s a t e s .  To o b t a i n  h i g h e r  t i t e r  
l y s a t e s ,  t h e y  m ated  J C 1 0 2 4 0  w i t h  AB1157 and s c r e e n e d  AB1157  
s r l A 3 0 0 : : T n l O  e x c o n j u g a n t s  f o r  i n c r e a s e d  254 nm UV s e n s i t i v i t y .  PI  
l y s a t e s  from  t h e s e  UV s e n s i t i v e  e x c o n j u g a n t s  g a v e  s a t i s f a c t o r y
t r a n s d u c t i o n  o f  t h e  r e c A  m u t a t i o n .  S i m i l a r l y ,  P l a k i d o u  e t  a l .  
( 1 9 8 4 )  a t t r i b u t e d  r e c A  t r a n s d u c t i o n  p r o b le m s  t o  p e r s i s t e n t l y  low  
t i t e r  PI l y s a t e s ,  and r e p o r t e d  c o n v e n i e n t  t r a n s d u c t i o n  w i t h  'p h a g e  
T4GT7, a d e r i v a t i v e  o f  'p h a g e  T 4 , c a p a b l e  o f  g e n e r a l i s e d  
t r a n s d u c t i o n .
To o b t a i n  h i g h  t i t e r  l y s a t e s ,  e m p h a s i s  w a s  p l a c e d  o n  t h e  
m eth o d  o f  l y s o g e n - i n d u c t i o n .  R o s n e r  (1 9 7  2 )  h a s  shown t h e  number o f  
PI 'p h a g e  p e r  i n p u t  c e l l  d e c r e a s e s  a s  t h e  t e m p e r a t u r e  o f  i n d u c t i o n  
i n c r e a s e s ,  and a t t r i b u t e d  t h i s  t o  l e s s  e f f i c i e n t  ' p h a g e  p r o d u c t i o n ,  
r a t h e r  t h a n  l e s s  e f f i c i e n t  i n d u c t i o n .  S i m i l a r l y ,  t h e  y i e l d  o f  
'p h a g e  p e r  i n p u t  c e l l  i n  a r e c A  l y s o g e n  w a s  14 p e r  c e n t  t h a t  o f  a 
recA *  l y s o g e n .  T h i s  w a s  a l s o  t h o u g h t  t o  b e  d u e  t o  a s m a l l e r  b u r s t  
s i z e  ( R o s n e r ,  1 9 7 2 ) .  I n  t h e s e  e x p e r i m e n t s ,  t h e  t e m p e r a t u r e  o f  
i n d u c t i o n  w a s  d e c r e a s e d  from  4 2 °  t o  4 0°C  f o r  4 0  m i n u t e s ,  and t h e  
c e l l s  w e r e  c o n c e n t r a t e d  10 - f o l d  p r i o r  t o  l y s i s  a s  d e s c r i b e d  
p r e v i o u s l y .  T h i s  m e th o d  r o u t i n e l y  r e s u l t e d  i n  'p h a g e  t i t e r s  o f
Q
0 . 5 - 1 . 0  x  1 0  PFU/ml ( T a b l e  1 . 1 ) .  T r a n s d u c t i o n  o f  t h e  re c A
m u t a t i o n  w a s  p e r f o r m e d  by t h e  g e n e r a l  m ethod  d e s c r i b e d  a b o v e .
T e t r a c y c l i n e - r e s i s t a n t  c o l o n i e s ,  s e l e c t e d  o n  YENB p l a t e s  (A p p e n d ix
2 )  s u p p le m e n t e d  w i t h  t e t r a c y c l i n e  HC1 15 ^ ig /m l,  w e r e  r e p l i c a t e d
o n t o  t h r e e  n u t r i e n t  a g a t  p l a t e s .  P l a t e  number 2 w a s  g i v e n  a 254 nm 
-2f l u e n c e  o f  3 0  Jm , a f t e r  w h ic h  t h e y  w e r e  i n c u b a t e d  i n  t h e  d a rk  a t  
3 7 °C  f o r  24 h o u r s .  The f l u e n c e  g i v e n  had  t o  b e  s u f f i c i e n t l y  l a r g e  
t o  c o u n t e r  t h e  s c r e e n i n g  e f f e c t  o f  t h e  t r a n s f e r r e d  c o l o n i e s .
The c o - t r a n s d u c t i o n  f r e q u e n c i e s  from  f o u r  t y p i c a l  e x p e r i m e n t s  
a r e  g i v e n  i n  T a b l e  1 . 2 .
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T a b l e  1 . 2  C o - t r a n s d u c t i o n  f r e q u e n c y  o f  recA 56  w i t h  s r l A 3 0 0 : : T n lO
EXPT.
NUMBER
NUMBER OF TETRACYCLINE 
RESISTANT COLONIES 
SCREENED





1 52 39 7 5 . 0
2 27 16 5 9 . 3
3 5 0 38 7 6 . 0
4 48 35 7 2 . 9
4 .  T r a n s d u c t i o n  M apping o f  phrB
The e x p e r i m e n t a l  p r o c e d u r e  o f  Y oungs and S m ith  (1 9 7  8 ) w as  
r e p e a t e d  u s i n g  X 9170  kdp g a l  (A p p e n d ix  1 )  a s  t h e  r e c i p i e n t  s t r a i n  
i n f e c t e d  w i t h  a PI t r a n s d u c i n g  l y s a t e  p r e p a r e d  o n  DY314 (A p p e n d ix  
1 ) .  The s e l e c t i v e  m e d ia  w e r e  a s  d e s c r i b e d  by Y oungs and S m ith  
(1 9 7  8 ) .
The a v e r a g e  c o - t r a n s d u c t i o n  f r e q u e n c i e s  b e t w e e n  t h e  v a r i o u s  
g e n e s  w e r e  c a l c u l a t e d  from  t h e  r e s u l t s  i n  T a b l e  1 . 3 ,  and a r e  shown  
i n  F i g .  1 . 1 .  The f i g u r e s  i n  p a r e n t h e s e s  a r e  t h e  c o r r e s p o n d i n g  
v a l u e s  o b t a i n e d  by Y ou n gs and S m ith  ( 1 9 7 8 ) .
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T a b l e  1 . 3  C o - t r a n s d u c t i o n  o f  phrB w i t h  kdp, g a l  and uvrB
UNSELECTED MARKER
+ + + + 
SELECTED MARKER kdp phr g a l  uvrB
1 5 / 2 3  4 / 2 3  0 / 2 3
g a l *  7 / 4 1  1 5 / 4 1  -  1 5 / 4 1
Jcdp* g a l *  -  7 / 9  -  0 / 9
1 6 .0 1 6 .5 1 7 . 0 17 .5 1 8 ,0
kdp phr
-0 .G 5r 
(0 . 73 )
g l tA
- 0 . 36 -
(0 . 28 )
g a l  ch lD  a t t \  b i o  chlA
hemF p g l  uvrB
- 0 . 17 -
( 0 . 20 )
- 0 . 3 6 -
(0 . 41 )
F i g .  1 . 1 . Map p o s i t i o n s  w i t h i n  t h e  k d p - c h lA  ch rom osom al  
r e g i o n  d e t e r m i n e d  by c o t r a n s d u c t i o n  a n a l y s i s .
T h e s e  r e s u l t s  c l e a r l y  i n d i c a t e d  t h a t  t h e  phr m u t a t i o n  i s o l a t e d  
by Harm and H i l l e b r a n d t  (196  2)  l i e s  c o u n t e r c l o c k w i s e  o f  g a l  a t  
a p p r o x i m a t e l y  1 6 . 2  m i n u t e s  o n  t h e  r e c a l i b r a t e d  l i n k a g e  map 
(Bachm ann, 19 8 3 ) .
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5 .  D e l e t i o n  A n a l y s i s  o f  t h e  c h i  A t o  g a l  R eg ion .
I n  a n  a t t e m p t  t o  c o n s t r u c t  new s t r a i n s  h a v i n g  d e l e t i o n s  i n  t h e  
r e g i o n  o f  t h e  p u t a t i v e  phrA g e n e ,  t h e  m e t h o d o lo g y  o f  Adhya e t  a l #
(1 9 6  8 ) w a s  a t t e m p t e d .  S t r a i n  C600 (A p p e n d ix  1 )  w a s  grew n  i n  
n u t r i e n t  b r o t h  ( O x o id  L t d )  t o  m i d - l o g a r i t h m i c  p h a s e  and a l i q u o t s  
p l a t e d  o n  c h l o r a t e  a g a r  ( A p p e n d ix  2 ) .  The p l a t e s  w e r e  i n c u b a t e d  
a n a e r o b i c a l l y  (G a s -P a k  A n a e r o b i c  G e n e r a t i n g  K i t )  a t  37 °C  o v e r n i g h t  
an d  t h e n  a e r o b i c a l l y  f o r  a f u r t h e r  24 h o u r s .  Adhya e t  a l .  (1 9 6  8 ) 
fo u n d  t h a t  t h e  s u r v i v i n g  c o l o n i e s  d i d  s o  a s  a r e s u l t  o f  a m u t a t i o n  
i n  t h e  c h i A  g e n e  ( n i t r a t e  r e d u c t a s e  and f o r m a t e  d e h y d r o g e n a s e
- 5
a c t i v i t y ) .  T h e s e  w o r k e r s  o b t a i n e d  a 1 0  m u t a t i o n  f r e q u e n c y ,  and
o f  t h e  4 0 0  c o l o n i e s  t e s t e d ,  39  w e r e  d e l e t i o n s .
I n  t h i s  s t u d y  u s i n g  C 6 0 0 ,  t h e  m u t a t i o n  f r e q u e n c y  w a s  fo u n d  t o  
- 5
b e  5 x  1 0  . H o w ev er ,  o f  t h e  802 c o l o n i e s  t e s t e d ,  none  w e r e  GAL .
T h i s  i n d i c a t e d  t h a t ,  i f  p r e s e n t  a t  a l l ,  no d e l e t i o n  h a d  e x t e n d e d  
i n t o  t h e  r e g i o n  o f  t h e  p r o p o s e d  phrA g e n e .  T h i s  m e t h o d o lo g y  w as  
n o t  p u r s u e d  any f u r t h e r .
RESULTS AND DISCUSSION -  PART I I
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I n  t h i s  s e c t i o n  t h e  r e s u l t s  o f  p r e l i m i n a r y  i n v e s t i g a t i o n s  t o  
e s t a b l i s h  w h e t h e r  t h e r e  w a s  any f u r t h e r  e v i d e n c e  t o  s u p p o r t  t h e  
h y p o t h e s i s  o f  S u t h e r l a n d  and H a u s r a th  ( 1 9 7 9 )  i n  f a v o u r  o f  tw o  
p h o t o r e a c t i v a t i o n  l o c i ,  phrA and p h rB , i n  E . c o l i  K -12 a r e  r e p o r t e d .  
S e v e r a l  e x c i s i o n - d e f i c i e n t  s t r a i n s  h a v e  b e e n  u s e d ,  i n c l u d i n g  SA446 
( A (a t t X  - c h l A ) i n c l u d i n g  u v r B ) ,  SA206 ( A ( g a l - c h l A ) i n c l u d i n g  uvrB
and p r o p o s e d  p h r A ) , AS45 ( A ( g a l - c h l A ) p h r B ) ,  DY314 ( u vrA  uvrB  
p h r B ) and t h e  i s o g e n i c  s e r i e s  AB1886 ( u v r A ) ,  AB1885 ( u v r B )  and  
AB1884 ( u y r C ) . The r e s p o n s e s  o f  t h e s e  s t r a i n s  h a v e  b e e n  com pared  
a f t e r  254  nm UV i n a c t i v a t i o n  and e x p o s u r e  t o  b r o a d - b a n d  p h o t o ­
r e a c t i v a t i n g  l i g h t ,  t o  d e t e r m i n e  i f  t h e r e  w a s  i )  a l t e r e d  p h o t o ­
r e a c t i v a t i o n  k i n e t i c s  i n  a s t r a i n  d e l e t e d  a t  t h e  p r o p o s e d  phrA  
l o c u s  and i i )  any  e v i d e n c e  o f  p h o t o r e a c t i v a t i o n  i n  a s t r a i n  m u ta te d  
a t  t h e  phrB l o c u s .
1 .  I n a c t i v a t i o n  a t  254nm
A 24 h o u r  s t a t i o n a r y  p h a s e  c u l t u r e  o f  t h e  s t r a i n  w a s  g rew n ,
h a r v e s t e d ,  and r e s u s p e n d e d  i n  M9 s a l t s  s o l u t i o n .  A s u s p e n s i o n  w a s
7
p r e p a r e d  c o n t a i n i n g  10  v i a b l e  o r g a n i s m s  p e r  m l,  by r e f e r e n c e  t o
t h e  a b s o r b a n c e  : v i a b i l i t y  c a l i b r a t i o n  c u r v e  sh ew n  i n  A p p e n d ix  3 .
The s u s p e n s i o n  w a s  e x p o s e d  t o  g r a d e d  f l u e n c e s  o f  254  nm UV
r a d i a t i o n ;  a l i q u o t s  w i t h d r a w n  and a s s e s s e d  f o r  v i a b i l i t y  on
n u t r i e n t  a g a r  p l a t e s  ( O x o i d ) .  Two o r  t h r e e  e x p e r i m e n t s  w e r e
c a r r i e d  o u t  on  t h e  sam e d ay  f o r  e a c h  s t r a i n .  T h e s e  s u r v i v a l  d a t a
h a v e  b e e n  e x p r e s s e d  g r a p h i c a l l y  by p l o t t i n g  t h e  s u r v i v i n g  f r a c t i o n  
N( / N o )  o n  a l o g a r i t h m i c  s c a l e  a g a i n s t  t h e  f l u e n c e  (D ) o f  r a d i a t i o n  
r e c e i v e d .
V a r i o u s  m o d e l s  h a v e  b e e n  p u t  fo r w a r d  t o  m a t h e m a t i c a l l y  
d e s c r i b e  t h e  s u r v i v o r  c u r v e  ( r e v i e w e d  by H ayn es  e t  a l . ,  1 9 8 4 ) .  I n
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c l a s s i c a l  h i t  t h e o r y  i t  i s  a ssu m ed  t h a t  c e l l  k i l l i n g  i s  t h e  d i r e c t  
r e s u l t  o f  t h e  a c c u m u l a t i o n  o f  a number ( n )  o f  p h y s i c a l  " h i t s *  i n  
t h e  c e l l .  H i t s  a r e  c o n s i d e r e d  t o  b e  ra n d o m ly  d i s t r i b u t e d  i n  a 
u n i f o r m l y  i r r a d i a t e d ,  h o m o g en eo u s  c e l l  p o p u l a t i o n ,  and s o  t h e  
s u r v i v i n g  f r a c t i o n  c a n  b e  c a l c u l a t e d  by a p p l i c a t i o n  o f  P o i s s o n  
s t a t i s t i c s  t o  t h e  a v e r a g e  number o f  p h y s i c a l  h i t s  p e r  c e l l  e x p e c t e d  
a t  any  g i v e n  f l u e n c e .  T h u s ,  i n  t h e  ' s i n g l e - h i t '  c a s e ,  t h e  
p r e d i c t e d  f l u e n c e - r e s p o n s e  r e l a t i o n s h i p  i s  e x p o n e n t i a l  f o r  c e l l  
s u r v i v a l .  I f  m ore t h a n  o n e  h i t  i s  r e q u i r e d  t o  p r o d u c e  t h e  o b s e r v e d  
e f f e c t ,  t h e r e  w i l l  b e  a t h r e s h o l d  f o r  t h e  b i o l o g i c a l  r e s p o n s e  a t  
t h e  c e l l u l a r  l e v e l .  H o w ever , b e c a u s e  o f  t h e  random d i s t r i b u t i o n  o f  
t h e  number o f  h i t s  p e r  c e l l  i n  t h e  i r r a d i a t e d  p o p u l a t i o n ,  t h e  
f l u e n c e - s u r v i v a l  c u r v e  e x h i b i t s  a  sm ooth  s h o u l d e r  b e n d i n g  away from  
t h e  o r i g i n ,  r a t h e r  t h a n  a d i s c o n t i n u o u s  t h r e s h o l d  r e s p o n s e .
T a r g e t  t h e o r y  i s  s i m i l a r  t o  h i t  t h e o r y ,  b u t  i n  t h i s  m o d e l  i t  
i s  a ssu m ed  t h a t  c e l l s  c o n t a i n  s e n s i t i v e  " t a r g e t "  s t r u c t u r e s ,  w i t h i n  
w h ic h  t h e  p h y s i c a l  h i t s  m u st  o c c u r  t o  b e  r e l e v a n t  t o  t h e  m e a su r e d  
e n d - p o i n t .  H a y n es  e t  a l .  ( 1 9 8 4 )  c l a i m  t h a t  t h e s e  c l a s s i c a l  
a p p r o a c h e s  a r e  u n s a t i s f a c t o r y ,  b e c a u s e  t h e  o b s e r v e d  e f f e c t  i s  a 
b i o l o g i c a l  e v e n t .  P o i s s o n  d i s t r i b u t i o n  s h o u ld  b e  a p p l i e d  t o  t h e s e  
o b s e r v e d ,  ran d om ly  d i s t r i b u t e d ,  b i o l o g i c a l  e v e n t s .  The b i o l o g i c a l  
e v e n t s  w i t h  r e s p e c t  t o  c e l l  s u r v i v a l  a r e  c a l l e d  l e t h a l  h i t s .  On 
a v e r a g e ,  o n e  b i o l o g i c a l  l e t h a l  h i t  i s  s a i d  t o  h a v e  o c c u r r e d  p e r  
c e l l  a f t e r  a f l u e n c e  w h ic h  l e a v e s  a  s u r v i v i n g  f r a c t i o n  o f  e  I n  
t h i s  ' r e p a i r '  t h e o r y ,  l e t h a l  h i t s  a r e  a ssu m ed  t o  b e  u n r e p a i r e d  
l e s i o n s  i n  DNA (H a y n e s ,  1 9 6 6 ) .
A ssu m in g  t h e  ' a l l - o r - n o n e '  c h a r a c t e r  o f  t h e  m e a s u r e d  e n d ­
p o i n t  ( i . e .  s u r v i v o r  v s  n o n - s u r v i v o r ) ,  and d e n o t i n g  t h e  a v e r a g e  
number o f  l e t h a l  h i t s  p e r  c e l l  by t h e  f u n c t i o n  H ( x ) ,  t h e
p r o b a b i l i t y  o f  s u r v i v a l  b a s e d  o n  s i n g l e - e v e n t  P o i s s o n  s t a t i s t i c s  i s
M
e x p [ - H ( x ) ] , ,  t h e n  t h e  s u r v i v i n g  f r a c t i o n ( s )  ( /N o )  o f  t h e  c e l l s  c a n  
be w r i t t e n  a s : -
N
/ N o  = e - H ( x ) 1
I f  t h e  r e l e v a n t  p h y s i c a l  l e s i o n s  a r e  fo r m e d  i n  d i r e c t  p r o p o r t i o n  t o  
t h e  f l u e n c e ,  and n o  f l u e n c e - d e p e n d e n t  p r o c e s s e s  a r e  i n v o l v e d  i n  t h e  
c o n v e r s i o n  o f  t h e s e  l e s i o n s  i n t o  b i o l o g i c a l  h i t s ,  t h e n  t h e  h i t  
f u n c t i o n  w i l l  b e  l i n e a r  a s  i n  c l a s s i c ,  s i n g l e - h i t  t h e o r y .  F o r  
s i n g l e  ' h i t '  k i n e t i c s  w h e r e ,  a c c o r d i n g  t o  t a r g e t  t h e o r y ,  a  c e l l  c a n  
b e k i l l e d  by i n a c t i v a t i n g  j u s t  o n e  t a r g e t ,  s u r v i v a l  c u r v e s  may be  
m a t h e m a t i c a l l y  d e s c r i b e d  by t h e  f o l l o w i n g  e q u a t o n : -
NA p l o t  o f  l o g  / N o  a g a i n s t  f l u e n c e  (D) p r o d u c e s  a s t r a i g h t  
l i n e  r e l a t i o n s h i p  o f  s l o p e : -
H c w e v e r ,  som e s u r v i v a l  c u r v e s  i n  t h i s  s t u d y  e x h i b i t e d  a n  
i n i t i a l  s h o u l d e r  i n d i c a t i n g  a t h r e s h o l d  i n  t h e  c e l l u l a r  r e s p o n s e  t o  
p r o d u c e  t h e  o b s e r v e d  e f f e c t  a s  d i s c u s s e d  p r e v i o u s l y .  I n  t h e s e  
i n s t a n c e s  a ' m u l t i - t a r g e t '  e x p r e s s i o n  may be u s e d : -
- k
N
/ N o  = 1 -  ( 1 -  e -k D .  n 3
o r
N
/ N o  = ne
-kD 4
w h e r e  ' k '  i s  t h e  s l o p e  o f  t h e  l i n e a r  p o r t i o n  o f  t h e  s u r v i v a l  c u r v e
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i n  r e c i p r o c a l  f l u e n c e  u n i t s  ( t h e  ' i n a c t i v a t i o n  c o n s t a n t ' )  and  n i s  
t h e  e x t r a p o l a t i o n  num ber, n u m e r i c a l l y  e q u a l  t o  t h e  y - a x i s  i n t e r c e p t  
o f  t h e  e x t r a p o l a t i o n  o f  t h e  e x p o n e n t i a l  p a r t  o f  t h e  s u r v i v a l  c u r v e .
As d i s c u s s e d  e a r l i e r ,  t h e  m a t h e m a t i c a l  and m e c h a n i s t i c  a p p r o a c h  t o  
t h e  m o d e l l i n g  and i n t e r p r e t a t i o n  o f  s u r v i v a l  c u r v e s  n o  l o n g e r  
r e l i e s  o n  c l a s s i c a l  t a r g e t  t h e o r y ,  b u t  t h e  p a r a m e t e r s  'k '  and 'n '  
may s t i l l  b e  u s e d  f o r  e m p i r i c a l  d e t e r m i n a t i o n  o f  t h e  i n a c t i v a t i o n  
e f f i c i e n c y  o f  a p a r t i c u l a r  r a d i a t i o n  t r e a t m e n t  and  t h e  r e s p o n s e  o f  
d i f f e r e n t  s t r a i n s .
The s u r v i v o r  c u r v e s  a r e  shew n i n  F i g s  2 . 1  t o  2 . 3 ,  and t h e  d a t a
p e r t a i n i n g  t o  them  a r e  show n i n  T a b l e s  A 4 . 1 - 6  (A p p e n d ix  4 ) .  The
l i n e a r  p o r t i o n s  o f  t h e  c u r v e s  w e r e  f i t t e d  b y  l e a s t - s q u a r e s  l i n e a r
r e g r e s s i o n  a n a l y s i s .  The i n a c t i v a t i o n  p a r a m e t e r s  o b t a i n e d  frcm
a n a l y s i s  o f  t h e  l i n e a r  p o r t i o n  o f  t h e  c u r v e  ( o b t a i n e d  a t  f l u e n c e s  
- 2
a b o v e  5 Jm ) a r e  g i v e n  i n  T a b l e  2 . 1 ,  t o g e t h e r  w i t h  t h e i r  
a s s o c i a t e d  e r r o r s .  E ach  s e t  o f  d a t a  f o r  e a c h  s t r a i n  h a s  b e e n
c u m u la t e d  ( 'GA' i n  T a b l e  2 . 1 ) ,  and a n  a n a l y s i s  o f  c o v a r i a n c e
c a r r i e d  o u t  t o  d e t e r m i n e  i f  i n t e r - e s q ) e r i m e n t a l  v a r i a t i o n  w a s
s t a t i s t i c a l l y  s i g n i f i c a n t .  The i n a c t i v a t i o n  p a r a m e t e r s  o b t a i n e d  
f r c m  t h i s  a n a l y s i s  a r e  a l s o  show n i n  T a b l e  2 . 1 .  For e a c h  s t r a i n ,  
t h e  s u r v i v a l  d a t a  fr c m  ‘e a c h  e x p e r im e n t  w a s  com p ared  t o  t h e  
c u m u l a t e d  d a t a ,  t o  d e t e r m i n e  i f  t h e  c h a n g e  i n  F - r a t i o  w a s  
s i g n i f i c a n t  w h en  t h e  i n d i v i d u a l  d a t a  w e r e  com pared  w i t h  t h e  r e ­
g r e s s i o n  m o d e l  ( s e e  A p p e n d ix  5 ) .  T h i s  w o u ld  d e t e r m i n e  w h e t h e r  t h e  
d i f f e r e n c e s  i n  i n a c t i v a t i o n  p a r a m e t e r s  r e p r e s e n t e d  a  s t a t i s t i c a l l y  
s i g n i f i c a n t  v a r i a t i o n  i n  s e n s i t i v i t y .  For e a c h  s t r a i n ,  t h e  ch a n g e  
i n  F - r a t i o  a r i s i n g  fr c m  a n a l y s i s  o f  i n t e r c e p t  or  s l o p e  l o c a t i o n  w a s  
n o t  s i g n i f i c a n t  a t  t h e  5 p e r  c e n t  c o n f i d e n c e  i n t e r v a l  ( p > 0 . 0 5 ) .  I t
























254 nm FLUENCE (Jm 2)
Fig. 2.1. Replicate 254 nm UV inactivation curves for 24 hour stationary phase AB1886 (Panel A) 
























254 nm FLUENCE (Jm )
Fig. 2.2. Replicate 254 nm UV inactivation curves for 24 hour stationary phase AB1885 
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Fig. 2.3. Replicate 254 nm UV inactivation curves for 24 hour stationary phase DY314





( l o g  1 0 )
STANDARD ERROR 
OF SLOPE
INTERCEPT STANDARD ERROR 
OF INTERCEPT
' lc'
, _ - 2 , - 1  ( J .m  ) ’ n'
l a - 0 . 1 8 9 5 6 .6 2 0 7 x 1  o” ^ 0 .3 3 1 . 0 8 9 x 1 0 ” * 0 . 1 1 6 2 .1 4
AB1886 l b - 0 . 1 8 9 3 3 . 7 3 0 4 x 1 0~^ 0 . 3 4 6 . 1 3 8 x 1 0 0 . 4 3 6 2 . 1 9
( uvrA ) l c
GA
- 0 . 1 8 8 1
- 0 . 1 8 8 9
5 .5 5 1 5 x 1 0 " ; :
3 . 3 1 7 8 x 1 0
0 . 4 1
0 . 3 6
9 . 1 3 4 x 1 0  
5 . 4 5 9 x 1 0
0 .4 3 3
0 . 4 3 5
2 . 5 7
2 . 3 0
2 a - 0 . 1 8 8 4 3 .9 0 0 x 1 0 " ^ 0 . 3 4 6 . 0 5 5 x 1 o” ^ 0 . 4 3 4 2 .2 0
SA206 2b - 0 . 1 8 8 5 3 . 6 9 0 x 1 o” ^ 0 . 3 7 5 . 6 9 6 x 1 0 0 . 4 3 4 2 . 3 4
A( g a l - c h l A ) 2c - 0 . 1 8 7  8 2 . 9 6 Oxl0~^ 0 . 3 8 4 . 5 7 6 x 1 o” ^ 0 . 4 3 3 2 . 4 0
GA - 0 . 1 8 8 3 3 . 5 4 0 x 1 0 0 . 3 7 5 . 4 6 3 x 1 0 0 . 4 3 4 2 . 3 7
3 a - 0 . 1 9 2 3 8 . 1 4 6 x 1 0~^ 0 . 2 6 1 . 2 5 5 x 1 0 " * 0 . 4 4 3 1 . 8 1
DY314 3b - 0 . 1 6 3 2 6 . 3 1 5 x 1 0  ^ 0 .1 4 9 . 7 3 l x l o " ^ 0 . 3 7 6 1 . 3 8
u v rA , u v r B , 3 c - 0 . 1 7 4 2 1 . 1 1 9 x 1 0  3 0 . 1 3 5 1 . 7 2 4 x 1 0  * 0 . 4  01 1 . 3 6




- 0 . 1 9 3 4
- 0 . 1 8 9 3
5 . 6 3 6 x 1 O"^ 
4 . 9 0 3 x 1  o ” ^
0 . 4  87 
0 .4 4 6
5 . 6 0 3 3 x 1  o ”  ^
7 . 5 5 5 6 x 1 0 ” ?
0 . 4 4 5
0 .4 3 6
3 . 0 7
2 . 7 9
A( g a l - c h l A ) 4 c - 0 . 1 9 2 7 2 . 1 3 6 x 1 o ” ^ 0 .4 8 6 3 . 2 9 2 2 x 1 0  “ 0 .4 4 3 3 . 0 6
phrB GA - 0 . 1 9 1 8 1 . 9 4 1 x 1 0 0 .4 7 3 2 . 9 9 1 7 x 1 0 0 .4 4 2 2 . 9 7
5 a - 0 . 1 8 5 9 5 .2 7 4 x 1 0 " ^ 0 . 3 4 8 .6 7 8 7 x 1 0 " ^ 0 . 4 2 8 2 . 1 7
AB1885 5b - 0 . 1 8 3 7 6 . 0 2 4 x 1 o” ^ 0 . 3 6 9 . 9 1 2 4 x 1 o” ^ 0 .4 2 3 2 . 3 0
uvrB 5 c - 0 . 1 8 1 0 9 . 8 9 4 x 1 o” ^ 0 . 2 7 1 . 6 2 8 0 x 1 0 ” * 0 . 4 1 7 1.86
GA - 0 . 1 8 3 5 3 . 9 2 2 x 1 0 0 . 3 2 0 . 4 5 4 3 x 1 0 0 .4 2 3 2 .1 0
6 a - 0 . 2 0 2 9 4 . 686x 1o"^ 0 . 5 3 7 . 9 5 4 9 x 1 0 ’ ^ 0 .4 6 7 3 . 4 1
AB1884 6b - 0 . 1 9 9 3 2 . 6 0 3 x 1 0  * 0 . 5 6 4 . 4  3 0 7 x 1 0 0 . 4 5 9 3 . 6 4
uvrC GA - 0.2010 3 . 0 5 2 x 1 0 “ 0 .5 4 7 5 . 1 8 8 3 x 1 0 0 . 4 6 3 3 . 5 2
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i n  UV s e n s i t i v i t y  b e t w e e n  A B 1886 , SA 206 , DY314 and A S 4 5 ,  b e c a u s e
t h e  r e c A  d e r i v a t i v e s  o f  t h e s e  s t r a i n s  form  t h e  m a jo r  p a r t  o f  t h i s
w o r k .  To t h i s  e n d ,  t h e  g r o u p e d  d a t a  f o r  e a c h  s t r a i n  w e r e  com pared
t o  a r e g r e s s i o n  m o d e l  fo rm ed  from  t h e  c u m u la t e d  g r o u p e d  d a t a .
S t r a i n s  A B 1886 ,  SA206 and AS45 w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t
( p > 0 . 0 5 ) .  H ow ever ,  DY314 w a s  s i g n i f i c a n t l y  d i f f e r e n t .  I n s p e c t i o n
o f  i t s  s u r v i v o r  c u r v e  ( F i g  2 . 3  p a n e l  A) r e v e a l s  i t  t o  be s l i g h t l y
m ore  ' t a i l e d '  t h a n  t h e  o t h e r  s t r a i n s ,  w h ic h  w o u ld  a c c o u n t  f o r  t h e
c h a n g e  i n  s l o p e  and l o c a t i o n  o f  i n t e r c e p t .  Moss (1 9 7  2) h a s  shown
t h a t  t h i s  e f f e c t  i s  a t t r i b u t a b l e  t o  p o s t - i r r a d i a t i o n  i n c u b a t i o n  
o
t i m e  a t  37 C and a r i s e s  due t o  t h e  a p p e a r a n c e  o f  s m a l l e r  c o l o n i e s  
a f t e r  4 8 h o u r s  i n c u b a t i o n .  Moss (197  2)  o b s e r v e d  n o  ' t a i l i n g '  when  
t h e  c o l o n i e s  w e r e  c o u n t e d  16 h o u r s  a f t e r  UV i r r a d i a t i o n .
2 .  L i q u i d  H o l d i n g  R e c o v e r y  ( LHR)
I t  w a s  n e c e s s a r y  t o  d e m o n s t r a t e  t h e  a b s e n c e  o f  l i q u i d  h o l d i n g
r e c o v e r y  i n  t h e s e  s t r a i n s .  A l l  w e r e  e i t h e r  d e l e t e d  o r  p o i n t -
m u t a t e d  i n  o n e  o f  t h e  t h r e e  p r i n c i p l e  u v r  l o c i ,  u v r A , uvrB and
u v r C , and s o  we w o u ld  n o t  e x p e c t  t o  o b s e r v e  LHR.
A s u s p e n s i o n  o f  24 hour  s t a t i o n a r y  p h a s e  c e l l s  o f  e a c h  s t r a i n
w a s  p r e p a r e d  i n  M9 s a l t s  s o l u t i o n  and r e d u c e d  t o  a p p r o x i m a t e l y  
- 41 x 1 0  s u r v i v i n g  f r a c t i o n  by an a p p r o p r i a t e  254  nm f l u e n c e .  The
o
s u s p e n s i o n  w a s  h e l d  a t  25  C i n  t h e  d a rk  f o r  6 h o u r s ,  w i t h  s a m p l in g  
a t  o n e - h o u r l y  i n t e r v a l s .  T h e r e  w a s  n o  e v i d e n c e  o f  LHR or l o s s  o f  
v i a b i l i t y  when h e l d  f o r  up t o  6 h o u r s  ( d a t a  n o t  s h o w n ) .  As a 
f u r t h e r  c o n t r o l ,  i r r a d i a t e d  c e l l  s a m p le s  w e r e  k e p t  i n  t h e  d a rk  and  
a s s e s s e d  f o r  v i a b i l i t y  d u r i n g  a l l  p h o t o r e a c t i v a t i o n  e x p e r i m e n t s .
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3 .  P h o t o r e a c t i v a t i o n  E x p e r i m e n t s
C e l l  s u s p e n s i o n s  w e r e  p r e p a r e d  i n  t h e  u s u a l  way and r e d u c e d  t o
- 4
a s u r v i v i n g  f r a c t i o n  o f  1 x  1 0  . A s u r v i v a l  c u r v e  w a s  c o n s t r u c t e d
f o r  e a c h  p h o t o r e a c t i v a t i o n  e x p e r i m e n t  t o  e n s u r e  t h a t  t h e r e  w e r e  no
c h a n g e s  i n  UV s e n s i t i v i t y .  None w e r e  d e t e c t e d  t h r o u g h o u t  t h e
d u r a t i o n  o f  t h e  s t u d y .  T he i r r a d i a t e d  c e l l  s u s p e n s i o n s  w e r e  h e l d  
o
i n  t h e  d a r k  a t  25  C f o r  2 0  m i n u t e s  t o  e n a b l e  t h e  PRE m o l e c u l e s  t o  
b ecom e f u l l y  c o m p le x e d  w i t h  t h e  d im er  s u b s t r a t e .  The s u s p e n s i o n  
w a s  t h e n  d i s t r i b u t e d  i n t o  s t e r i l e  g l a s s  c u v e t t e s  and e x p o s e d  t o
b r o a d  band p h o t o r e a c t i v a t i n g  l i g h t  f o r  p e r i o d s  o f  t i m e  b e t w e e n  1
o  -2m in u t e  and 2 h o u r s ,  a t  2 5  C. A f l u e n c e  r a t e  o f  7 0  Wm w as u s e d .
T y r r e l l  ( 1 9 7 1 )  fo u n d  n o  i n c r e a s e  i n  t h e  r a t e  o f  p h o t o r e a c t i v a t i o n
- 2
o f  254  nm U V - i n a c t i v a t e d  A B 1 8 8 6 ,  b ey o n d  a f l u e n c e  r a t e  o f  6 0  Wra , 
i n d i c a t i n g  t h a t  s a t u r a t i n g  i r r a d i a t i o n  c o n d i t i o n s  had  b e e n  r e a c h e d .  
B ey o n d  t h i s  p o i n t ,  t h e  r a t e  o f  p h o t o r e a c t i v a t i o n  w a s  d e p e n d e n t  o n l y  
on  t h e  r a t e  a t  w h ic h  t h e  PRE m o l e c u l e s  c o m p le x  w i t h  t h e  s u b s t r a t e .
The i n c r e a s e  i n  s u r v i v i n g  f r a c t i o n  r e s u l t i n g  fr c m  e x p o s u r e  t o  
p h o t o r e a c t i v a t i n g  l i g h t  f o r  t h e  s t r a i n s  t e s t e d  a r e  show n i n  F ig s *
2 . 4  t o  2 . 9 .  The d a r k  c o n t r o l s  f o r  DY314 and AS4 5 a r e  i n c l u d e d  f o r  
r e f e r e n c e  ( c l o s e d  s y m b o l s ) .
A n a l y s i s  o f  P h o t o r e a c t i v a t i o n  D a ta
S e v e r a l  a t t e m p t s  h a v e  b e e n  made t o  d e v e l o p  m a t h e m a t i c a l  m o d e l s  
t o  l i n e a r i s e  p h o t o r e a c t i v a t i o n  d a t a ,  and s o  f a c i l i t a t e  t h e  
d e r i v a t i o n  o f  k i n e t i c  p a r a m e t e r s  ( D a v i e s  e t  a l . ,  1 9 7 0 ;  T y r r e l l  and  
D a v i e s ,  1 9 7 4 ;  Harm, 1 9 7 5 ;  J o h n s o n  and H a y n e s ,  1 9 8 6 a ) .  I n  t h i s  
w o r k ,  t h e  m o d e l s  o f  T y r r e l l  and D a v i e s  ( 1 9 7 4 )  and J o h n s o n  and  
H a y n e s  ( 1 9 8 6 a )  h a v e  b e e n  u s e d .  The fo r m e r  m eth od  h a s  b e e n  u s e d  t o  
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Fig. 2.4. Photoreactivation at 25 C of 254nm UV inactivated
AB1886.
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Fig. 2.9. Photoreactivation at 25°C of 254 nm UV inactivated DY314 (Panel A) and AS45
(Panel B).
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T he Random P h o t o r e a c t i v a t i o n  Model ( 1 - P )
The m o d e l  i s  b a s e d  o n  t h e  f o l l o w i n g  a s s u m p t i o n s :
1 )  UV r a d i a t i o n  i n d u c e s  l e t h a l  e v e n t s  i n  c e l l s ,  o n l y  on e  o f  w h ic h  
i s  n e c e s s a r y  t o  i n a c t i v a t e  a c e l l .  The m ean number p e r  c e l l  
i s  g i v e n  by kD i n  t h e  e q u a t i o n : -
N T -kD _ ../ N o  = e  . . . . 2 . 1
The a v e r a g e  number o f  ' l e t h a l  h i t s '  p e r  c e l l  i s  s a i d  t o  b e  1
w hen  t h e  s u r v i v i n g  f r a c t i o n  o f  t h e  c e l l  p o p u l a t i o n  h a s  b e e n
r e d u c e d  t o  0 . 3 7 .
2 )  T h e  r e v e r s a l  o f  a l l  l e t h a l  e v e n t s  w i t h i n  a c e l l  r e s u l t s  i n  
c e l l  s u r v i v a l .
3 )  T h e  m ean number o f  U V - in d u c e d ,  p h o t o r e v e r s i b l e  e v e n t s  p e r  c e l l
i s  a d i r e c t  l i n e a r  f u n c t i o n  o f  t h e  UV f l u e n c e  and t h e s e  e v e n t s
a r e  P o i s s o n - d i s t r i b u t e d  t h r o u g h o u t  t h e  c e l l  p o p u l a t i o n .
4 )  T he  f r a c t i o n  o f  t h e  U V - in d u c e d  e v e n t s  w h ic h  a r e  n o t  p h o t o -  
e n z y m a t i c a l l y  r e v e r s i b l e  a r e  m e c h a n i s t i c a l l y  d i f f e r e n t  t o  t h e  
p h o t o r e v e r s i b l e  e v e n t s  and  s o  do n o t  r e p r e s e n t  a  l i m i t  o f  
p h o t o r e a c t i v a b i l i t y .
T y r r e l l  and D a v i e s  ( 1 9 7 4 )  d e s c r i b e d  a d o s e - r e d u c t i o n  s i t u a t i o n
i n  w h i c h  t h e  r a t i o  ( P r ) o f  t h e  s u r v i v a l  w i t h  n o  p h o t o r e a c t i v a t i o n
( P fc) t o  t h e  s u r v i v a l  w i t h  maximum p h o t o r e a c t i v a t i o n  ( P ^ ) r e p r e s e n t s  
t h e  p r o b a b i l i t y  o f  n o n - o c c u r r e n c e  o f  r e v e r s i b l e  U V - in d u c e d  e v e n t s .  
T h u s ,  t h e  m ean number o f  r e v e r s i b l e  e v e n t s  (yj) i s  a f u n c t i o n  o f  P^ 
and t h e  i n a c t i v a t i n g  f l u e n c e  ( D ) :
f l  = - I n  P^D . . .  . 2.2
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I f  t h e  e l i m i n a t i o n  o f  p h o t o r e v e r s i b l e  e v e n t s  i s  random and
f o l l o w s  f i r s t - o r d e r  k i n e t i c s ,  t h e n  a f t e r  any o n e  p h o t o r e a c t i v a t i o n
t i m e ,  a c o n s t a n t  f r a c t i o n  (P )  o f  t h e  U V - in d u c e d  e v e n t s  w i l l  h a v e
b e e n  r e v e r s e d .  The mean number o f  r e v e r s i b l e  e v e n t s  r e m a in in g
a f t e r  a  g i v e n  p h o t o r e a c t i v a t i o n  t i m e  r e s u l t i n g  i n  a s u r v i v i n g  
Nf r a c t i o n  ( /N o )  i s  g i v e n  b y :  
fl( 1-P)
T h u s :
N/ N o =
from  w h i c h  P v a l u e s  may b e  c a l c u l a t e d :
1 - P  = I n  P s / P l
I n  P t / P i   2 . 5
w h e r e  P i s  t h e  s u r v i v a l  a f t e r  t h e  i n a c t i v a t i n g  UV f l u e n c e ,  P^ i s  
t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  s u r v i v a l  a f t e r  maximum p h o t o ­
r e a c t i v a t i o n  t r e a t m e n t  and  P g i s  t h e  s u r v i v a l  a f t e r  p h o t o ­
r e a c t i v a t i o n  t r e a t m e n t  f o r  t i m e  t .  The p h o t o r e a c t i v a t i o n  d a t a  from  
F i g s .  2 . 4  t o  2 . 9  a r e  show n i n  t h e  ( 1 - P )  form  i n  F i g .  2 . 1 0 .  The  
d a t a  p e r t a i n i n g  t o  t h e s e  a n a l y s e s  a r e  i n c l u d e d  i n  T a b l e s  A 4 . 7 - 1 0 .
The i n i t i a l  l i n e a r  p o r t i o n  o f  e a c h  c u r v e  h a s  b e e n  f i t t e d  by  
r e g r e s s i o n  a n a l y s i s  and  t h e  s l o p e s  and t h e i r  a s s o c i a t e d  e r r o r s  a r e  
g i v e n  i n  T a b l e  2 . 2 .
I t  w i l l  b e  s e e n  from  t h e  ' t '  v a l u e s  g i v e n  i n  T a b l e  2 . 2  t h a t  
t h e  f i t  o f  e a c h  s l o p e  w a s  s i g n i f i c a n t  a t  t h e  5 p e r  c e n t  l e v e l .  The  
c r i t i c a l  v a l u e s  f o r  o n e - t a i l e d  p r o b a b i l i t i e s  f o r  t h e  s t u d e n t ' s  
t - d i s t r i b u t i o n  w i t h  3 , 5 , 6  o r  7 r e s i d u a l  d e g r e e s  o f  f r e e d o m  a r e
. . . . 2 . 3










20 60 80 12040 100
PHOTOREACTIVATION TIME (min)
Fig. 2.10. 1-P analysis of the photoreactivation rate at 25°C 
of AS45 (O) / DY314 (□), SA206 (•), AB1884 (A), AB1885 (A), 
AB1886 (A) and SA446 (E) after 254 nm UV inactivation.
T a b l e  2 . 2  SLOPES AND ASSOCIATED ERRORS OF THE ( 1 - P )  ANALYSIS OF PHOTOREACTIVATION 
DATA IN FIGURES 2 . 4  TO 2 . 9
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2 . 3 5 ,  2 . 0 2 ,  1 .9 4  and 1 . 9 0 ,  r e s p e c t i v e l y .  The m a g n i t u d e  o f  t h e  
s l o p e  o f  t h e  ( 1 - P )  p l o t  may b e  t a k e n  a s  a n  i n d i c a t i o n  o f  t h e  
r e l a t i v e  r a t e  o f  p h o t o r e a c t i v a t i o n .  C o m p ar ison  o f  t h e  s l o p e s  o f  
t h e  ( 1 - P )  p l o t s  o b t a i n e d  w i t h  K-12 s t r a i n s  A B 1886 , AB1885 and  
AB1884 r e v e a l s  e s s e n t i a l l y  s i m i l a r  r a t e s  o f  p h o t o r e p a i r .  T h e s e  
d a t a  h a v e  b e e n  s u b j e c t e d  t o  a n  a n a l y s i s  o f  c o v a r i a n c e .  S t r a i n s  
AB1886 and AB1885 w e r e  s t a t i s t i c a l l y  s i m i l a r  a t  t h e  5 p e r  c e n t  
c o n f i d e n c e  i n t e r v a l  ( p > 0 . 0 5 ) .  S t r a i n  AB1884 p h o t o r e a c t i v a t e d  a t  a 
s l i g h t l y  l c w e r  r a t e ,  w h ic h  w a s  s t a t i s t i c a l l y  d i f f e r e n t  a t  t h e  5 p e r  
c e n t  i n t e r v a l  b u t  n o t  a t  t h e  1 p e r  c e n t  l e v e l  (p > 0 . 0 1 ) .
S t r a i n  SA2 06 p h o t o r e a c t i v a t e d  a t  a  r a t e  a p p r o x i m a t e l y  42 p e r  
c e n t  t h a t  o f  A B 1886 , w h i l s t  t h e  v e r y  s m a l l  p h o t o r e p a i r  o b s e r v e d  
w i t h  DY314 o c c u r r e d  a t  a n  a p p r o x i m a t e l y  1 0 0 - f o l d  l o w e r  r a t e .  No 
m e a s u r a b l e  p h o t o r e p a i r  w a s  d e t e c t e d  w i t h  A S45.
I n  a d d i t i o n  t o  t h e  s t r a i n s  a l r e a d y  d i s c u s s e d ,  p h o t o ­
r e a c t i v a t i o n  d a t a  f o r  s t r a i n  SA446 a r e  shown i n  F i g .  2 . 8  and t h e  
( 1 - P )  a n a l y s i s  i s  i n c l u d e d  i n  F i g .  2 . 1 0 .  As w i l l  b e  s e e n  from  
A p p e n d ix  1 ,  t h i s  i s  c l o s e l y  r e l a t e d  ( b u t  n o t  i s o g e n i c )  w i t h  S A 206 .  
H cw e v e r ,  SA446 h a s  a d e l e t i o n  e x t e n d i n g  from  c h i  A t o  a t t X  
( i n c l u d i n g  u v r B ) ,  w h i l s t  SA206 h a s  a d e l e t i o n  e x t e n d i n g  from  c h iA  
th r o u g h  a t t X  and b e y o n d  t o  g a l . S t r a i n  SA446 w a s  a c q u i r e d  d u r i n g  
t h e  l a t t e r  s t a g e s  o f  t h i s  w ork  and i s  l e s s  w e l l  c h a r a c t e r i s e d .  The  
r a t e  o f  p h o t o r e p a i r  w a s  a p p r o x i m a t e l y  2 . 5 - f o l d  g r e a t e r  t h a n  A B 1886 ,  
w h i l s t  t h e  r a t e  o f  p h o t o r e p a i r  o f  SA206 w as 16 p e r  c e n t  o f  t h i s  
v a l u e .
C o n t r o l  E x p e r i m e n t s
D u r in g  e a c h  p h o t o r e a c t i v a t i o n  e x p e r i m e n t ,  a  s a m p le  o f  un­
i r r a d i a t e d  c e l l  s u s p e n s i o n  w a s  e x p o s e d  t o  t h e  p h o t o r e a c t i v a t i n g
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l i g h t  f o r  t h e  maximum t i m e  p e r i o d .  I n  no c a s e  d i d  t h e  s u r v i v i n g  
f r a c t i o n  f a l l  b e lc w  9 0  p e r  c e n t ,  i n d i c a t i n g  t h a t  t h e  l i g h t  
t r e a t m e n t  w a s  n o t  e x e r t i n g  a l e t h a l  e f f e c t  ( d a t a  n o t  s h o w n ) .
D i s c u s s i o n
The 254  nm i n a c t i v a t i o n  d a t a  p r e s e n t e d  i n  t h i s  s e c t i o n
s u g g e s t  t h a t  t h e  p r e s e n c e  o f  d i f f e r e n t  m u ta te d  u v r  l o c i  d i d  n o t
make a b i o l o g i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  t o  t h e i r  UV-
s e n s i t i v i t y .  A s i m i l a r  r e s u l t  w a s  r e p o r t e d  by Tang and R o s s
( 1 9 8 5 ) ,  when  t h e y  t r a n s d u c e d  m u ta te d  u v rA , uvrB and uvrC l o c i  i n t o
an  i s o g e n i c  b a c k g r o u n d .
S t r a i n s  A B 1886 , AB1885 and A B1884, w h ic h  a r e  m u t a t e d  a t  t h e  
u v rA , uvrB and uvrC l o c i ,  r e s p e c t i v e l y ,  shew ed e s s e n t i a l l y  s i m i l a r  
r a t e s  o f  p h o t o r e a c t i v a t i o n  a f t e r  254 nm UV i n a c t i v a t i o n .
T h e r e f o r e ,  i t  may b e  c o n c l u d e d  t h a t  t h e  p r e s e n c e  o f  d i f f e r e n t  u v r  
m u t a t i o n s  d o e s  n o t  a f f e c t  t h e  r a t e  o f  p h o t o r e p a i r .  W h i l s t  i t  i s  
im p o r t a n t  t o  make t h i s  c o m p a r i s o n  h e r e ,  b e c a u s e  much o f  t h e  l a t e r  
w ork  p r e s e n t e d  i n  t h i s  t h e s i s  i n v o l v e s  c o m p a r is o n  o f  uvrA s t r a i n s  
w i t h  A uvrB s t r a i n s ,  t h e  r e s u l t  i s  n o t  s u r p r i s i n g  s i n c e  S a n c a r  e t  
a l .  ( 1 9 8 4 a )  r e p o r t e d  t h a t  t h e  same r a t e  o f  p h o t o r e a c t i v a t i o n  w a s  
o b s e r v e d  jUi v i t r o  r e g a r d l e s s  o f  w h e t h e r  p u r i f i e d  UVRA o r  UVRB 
p r o t e i n s  w e r e  p r e s e n t  o r  n o t .  T h e se  w o r k e r s  c o n c l u d e d  t h a t  t h e  
p r e s e n c e  a n d / o r  b i n d i n g  o f  t h e  e x c i n u c l e a s e  s u b u n i t s  d i d  n o t  a f f e c t  
t h e  b i n d i n g  o f  DNA p h o t o l y a s e .
C om paring  t h e  r a t e s  o f  p h o t o r e p a i r  o b s e r v e d  w i t h  SA446 and  
SA206 ( T a b l e  2 . 2 )  i s  o f  i n t e r e s t  b e c a u s e  t h e s e  tw o s t r a i n s  d i f f e r  
o n l y  i n  t h e  e x t e n t  o f  t h e  d e l e t i o n  i n  t h e  c r i t i c a l  a r e a  o f  t h e  
p r o p o s e d  phrA l o c u s  ( s e e  I n t r o d u c t i o n ,  E s c h e r i c h i a  c o l i  E n z y m e ) .
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The r a t e  o f  p h o t o r e p a i r  o f  SA206 w as 16 p e r  c e n t  t h a t  o f  SA 446, i n  
c l o s e  a g r e e m e n t  w i t h  t h e  2 0  p e r  c e n t  f i g u r e  o b t a i n e d  by  S u t h e r l a n d  
and H a u s r a t h  ( 1 9 7 9 )  i n  t h e i r  p u b l i c a t i o n  p r o p o s i n g  tw o  l o c i  
c o n t r o l l i n g  p h o t o r e a c t i v a t i o n  i n  E .  c o l i  K - 1 2 .  T h i s  s t r o n g l y  
s u g g e s t s  t h a t  t h e r e  i s  a l o c u s  i n  t h e  r e g i o n  b e t w e e n  g a l  and a t t X 
w h ic h  s i g n i f i c a n t l y  a f f e c t s  t h e  r a t e  o f  p h o t o e n z y m a t i c  r e p a i r .  I n  
a d d i t i o n ,  t h e  r a t e  o f  p h o t o e n z y m a t i c  r e p a i r  o f  SA206 w as o n l y  4 0  
p e r  c e n t  t h a t  o f  A B 1886 , AB1885 and A B 1884 , o n c e  a g a i n  s u g g e s t i n g  
t h a t  SA206 i s  s i g n i f i c a n t l y  d e f i c i e n t  i n  p h o t o r e a c t i v a t i o n  
c a p a b i l i t y .
To f u r t h e r  s u p p o r t  t h e  s u g g e s t i o n  t h a t  t h e r e  m i g h t  b e  tw o p h r  
l o c i  i n  E .  c o l i  K - 1 2 ,  a  v e r y  s m a l l  l i g h t - d e p e n d e n t  r e c o v e r y  w as  
d e t e c t e d  i n  DY314, an  e x c i s i o n - d e f i c i e n t  s t r a i n  c a r r y i n g  t h e  
o r i g i n a l  p h o t o r e a c t i v a t i o n - d e f i c i e n t  phr m u t a t i o n  i s o l a t e d  by Harm 
and H i l l e b r a n d t  ( 1 9 6 2 ) .  A l t h o u g h  t h e  r a t e  o f  r e p a i r  w a s  
a p p r o x i m a t e l y  1 0 0 - f o l d  l c w e r  t h a n  e i t h e r  AB1886 o r  S A 206 , and g o e s  
a g a i n s t  t h e  c o n s e n s u s  t h a t  s u c h  s t r a i n s  s h o u l d  b e  t o t a l l y  p h o t o ­
r e a c t i v a t i o n - d e f i c i e n t ,  i t  d o e s  s u g g e s t  t h a t  t h e r e  may b e  a s e c o n d  
p r o t e i n  w i t h  s l i g h t  p h o t o l y a s e  a c t i v i t y ,  i n  a d d i t i o n  t o  t h e  
p r i n c i p l e  DNA p h o t o l y a s e  c o d e d  by t h e  phrB g e n e .  T h i s  w o u ld  
p o s s i b l y  p r o v i d e  a r o l e  f o r  t h e  4 0 -kD a p h o t o l y a s e  i s o l a t e d  by  
Sn ap k a  and S u t h e r l a n d  ( 1 9 8 0 )  from  t h e  g a l -  a t tA  r e g i o n ,  o r  s u g g e s t  
t h e  e x i s t e n c e  o f  a n o t h e r  p h o t o l y a s e  from  an  unknown l o c u s .
To f u r t h e r  s u p p o r t  t h e  fo r m e r  h y p o t h e s i s ,  n o  r e p a i r  w a s  
o b s e r v e d  i n  s t r a i n  A S 45 , w h ic h  i s  d e l e t e d  a t  t h e  p r o p o s e d  phrA  
l o c u s  and  c a r r i e s  t h e  phrB m u t a t i o n  t r a n s d u c e d  fro m  DY314.
T h e s e  p r e l i m i n a r y  d a t a  i n d i c a t e d  t h a t  t h e r e  w a s  e v i d e n c e  f o r  
tw o p hr  l o c i  i n  E . c o l i . To f u r t h e r  c h a r a c t e r i s e  t h i s  r e s p o n s e ,  
r e c o m b i n a t i o n - d e f i c i e n t  ( r e c A ) d e r i v a t i v e s  o f  t h e s e  s t r a i n s  w e r e
s t u d i e d ,  w h e r e i n  t h e  a c t i o n  o f  a s i n g l e  p h o t o l y a s e  m o l e c u l e  h a s  a 
s i g n i f i c a n t  e f f e c t  o n  s u r v i v a l  b e c a u s e  o f  t h e  s m a l l  f l u e n c e s  
r e q u i r e d  f o r  i n a c t i v a t i o n .  T h e se  d a t a  a r e  p r e s e n t e d  i n  t h e  n e x t  
s e c t i o n .
RESULTS AND DISCUSSION -  PART I I I
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3 . 1  I n t r o d u c t i o n
The e x p e r i m e n t a l  w ork  r e p o r t e d  i n  t h i s  t h e s i s  i s  d i r e c t e d  
p r i m a r i l y  t o w a r d s  e s t a b l i s h i n g  w h e t h e r  t h e r e  i s  an y  e v i d e n c e  i n  
f a v o u r  o f  t h e  e x i s t e n c e  o f  m u l t i p l e  p h o t o l y a s e  m o l e c u l e s  i n  
E s c h e r i c h i a  c o l i  K -1 2 .  I n  t h i s  s e c t i o n ,  f o u r  r e c o m b i n a t i o n -  
d e f i c i e n t  d e r i v a t i v e s  o f  s t r a i n s  A B 1886 , S A 206 , DY314 and AS45  
d e s c r i b e d  i n  P a r t  I I  h a v e  b e e n  u s e d ,  n a m ely  AB2480 ( u v r  r e c  ) ,
AS44 ( A ( g a l - c h l A )  r e c  ) ,  DY326 ( u v r  r e c  phrB ) an d  AS46 
( A ( g a l - c h l A )  r e c  phrB ) ,  r e p r e s e n t i n g  t h e  f o u r  p o s s i b i l i t i e s ,  
p h r + , phrA , phrB and phrA  phrB , r e s p e c t i v e l y .  R e f e r e n c e  t o  
A p p e n d ix  1 w i l l  i n d i c a t e  t h a t  o n l y  s t r a i n s  AS44 and AS46 a r e  
i s o g e n i c  w i t h  e a c h  o t h e r  and s o  seme c a u t i o n  m u st  be e x e r c i s e d  i n  
m a k in g  q u a n t i t a t i v e  c o m p a r i s o n s  and d r a w in g  c o n c l u s i o n s  c o n c e r n i n g  
t h e  f u n c t i o n s  o f  t h e  p r o p o s e d  phrA and phrB g e n e  p r o d u c t s .
H o w ev er ,  i t  w a s  f e l t  t h a t  d e t a i l e d  c o m p a r i s o n s  o f  t h e  s t r a i n s  w e r e  
j u s t i f i e d ,  b a s e d  o n  t h e  d a t a  p r e s e n t e d  i n  P a r t  I I  w h ic h  s u g g e s t e d  
t h a t  a g e n e  i n  t h e  g a l - a t t 1 i n t e r v a l  may h a v e  an  e f f e c t  o n  p h o t o -  
r e a c t i v a t i n g  enzym e a c t i v i t y .  The d e t a i l e d  c h a r a c t e r i s a t i o n  o f  t h e  
f o u r  s t r a i n s  p r e s e n t e d  i n  t h i s  s e c t i o n  h a s  i n v o l v e d  s e v e r a l  
i r r a d i a t i o n  and p h o t o r e a c t i v a t i o n  p r o c e d u r e s  i n  t h e  h op e  t h a t  t h e y  
m ig h t  i n d i c a t e  a  s e l e c t i o n  p r o t o c o l  f o r  i s o l a t i n g  a p o i n t - m u t a t i o n  
i n  t h e  p r o p o s e d  phrA l o c u s  and s o  f a c i l i t a t e  t h e  c o n s t r u c t i o n  o f  an  
i s o g e n i c  s e r i e s  o f  p h o t o r e a c t i v a t i o n - d e f i c i e n t  d e r i v a t i v e s .
B e f o r e  m ak in g  a d e t a i l e d  s t u d y  o f  t h e  k i n e t i c s  o f  p h o t o ­
r e a c t i v a t i o n ,  i t  w a s  n e c e s s a r y  t o  f i r s t  e s t a b l i s h  t h e  254 nm UV 
s e n s i t i v i t y  o f  t h e  f o u r  s t r a i n s  and t o  d e t e r m i n e  t h e  t i m e  r e q u i r e d  
f o r  t h e  p h o t o r e a c t i v a t i n g  enzym e t o  c o m p le x  w i t h  t h e  d im e r .
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3 . 2 .  I n a c t i v a t i o n  w i t h  254  nm UV r a d i a t i o n
T w en ty  f o u r  hour s t a t i o n a r y - p h a s e  s e c o n d a r y  c u l t u r e s ,  grow n a t
o
37 C, w e r e  u s e d  t h r o u g h o u t  t h i s  w ork  u n l e s s  o t h e r w i s e  s t a t e d .
C e l l s  w e r e  h a r v e s t e d  and  r e s u s p e n d e d  i n  M9 s a l t s  s o l u t i o n  t o  g i v e  a
7
s u s p e n s i o n  c o n t a i n i n g  1 x  1 0  c o l o n y  f o r m in g  u n i t s  p e r  m l .  Each
c e l l  s u s p e n s i o n  w a s  g i v e n  g r a d e d  f l u e n c e s  o f  254  nm UV, a f t e r  e a c h
o f  w h i c h  a s a m p le  w a s  r e m o v e d ,  s e r i a l l y  d i l u t e d ,  and a s s a y e d  f o r
v i a b i l i t y  on  t h r e e  n u t r i e n t  a g a r  p l a t e s  a s  d e s c r i b e d  p r e v i o u s l y .
T h r e e  s u r v i v a l  c u r v e s  d e t e r m i n e d  o n  t h e  same day  a r e  shown i n  F i g .
3 . 1  (A B 2 4 8 0 ) ,  F ig -  3 . 2  ( A S 4 4 ) ,  F i g .  3 . 3  (DY326) and  F i g .  3 . 4  ( A S 4 6 ) .
The s u r v i v a l  p a r a m e t e r s  d e r i v e d  from  r e g r e s s i o n  a n a l y s i s  o f  t h e
-2l i n e a r  p o r t i o n  o f  e a c h  c u r v e  (b e y o n d  a f l u e n c e  o f  0 . 1  Jm ) a r e  
i n c l u d e d  i n  T a b l e  3 . 1 ,  a s  a r e  t h e  r e s u l t s  o f  s e v e r a l  o t h e r  
r e p l i c a t e  e x p e r i m e n t s  c o n d u c t e d  d u r i n g  t h i s  s t u d y .  The d a t a  
p e r t a i n i n g  t o  t h e s e  p a r a m e t e r s  a r e  i n c l u d e d  i n  T a b l e s  A 4 . 1 0 - 1 3 .  In  
a d d i t i o n ,  t h e s e  d a t a  h a v e  b e e n  g r o u p e d  i n t o  a ' t o t a l '  r e g r e s s i o n  
a n a l y s i s  g i v i n g  a v e r a g e  ' k '  and ' n '  p a r a m e t e r s ,  from  w h ic h  an  
a n a l y s i s  o f  c o v a r i a n c e  h a s  b e e n  c a r r i e d  o u t  ( s e e  A p p e n d ix  5 ) .  The  
r e s u l t s  o f  t h e  a n a l y s i s  o f  c o v a r i a n c e ,  w h ic h  w a s  b a s e d  o n  a  
r e g r e s s i o n  m o d e l  d e r i v e d  from  t h e  d a t a  p o i n t s  f o r  a l l  f o u r  s t r a i n s ,  
and r e f l e c t s  t h e  c h a n g e  i n  F - r a t i o  f o r  A S 4 4 , DY326, and AS46 w i t h  
r e s p e c t  t o  A B 2480, a r e  shown i n  T a b l e  3 . 2 .  I t  w i l l  b e  s e e n  from  
T a b l e  3 . 2  t h a t  t h e  c h a n g e  i n  F - r a t i o  r e s u l t i n g  from  b o t h  s l o p e  and  
i n t e r c e p t  l o c a t i o n  f e l l  b e lo w  t h e  c r i t i c a l  v a l u e  o f  3 . 8 4  w i t h  1 and  
00 d e g r e e s  o f  f r e e d o m  o f  t h e  F - d i s t r i b u t i o n  a t  t h e  5 p e r  c e n t  
c o n f i d e n c e  i n t e r v a l ,  i n d i c a t i n g  t h a t  t h e  s u r v i v a l  p a r a m e t e r s  o f  t h e
t
s t r a i n s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( p > 0 . 0 5 ) .  The s t a t i s t i c a l  
s i m i l a r i t y  o f  b o t h  t h e  i n t e r c e p t s  and s l o p e s  o f  t h e  f o u r  s t r a i n s  i s  

























O. 1 0 . 2 O. 4O. 3 O. 5
254 nm FLUENCE (Jm 2 )
Fig. 3.1 Three 254 nm UV inactivation curves for 24 hour 



















0.40 . 2 0.3O. 1
-  2
254 nm FLUEN CE (J m  )
F i g .  3.2. T h r e e  254 nm UV i n a c t i v a t i o n  c u r v e s  f o r  24 h o u r  























0.5O. 4O. 30 . 2O. 1
_2
254 nm FLUENCE (Jm )
Fig. 3.3. Three 254 nm UV inactivation curves for 24 hour
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O. 50.40.3O. 2O. 1
- 2
254 nm FLUENCE (Jm )
Fig. 3.4. Three 254 nm UV inactivation curves for 24 hour 
stationary phase AS46 grown at 37°C.





( l o g  1 0 )
S t d .  E r r o r  
OF SLOPE
INTERCEPT STANDARD ERROR 
OF INTERCEPT i t 1 5 ; - 1( Jm )
•n '
AB2480  
(P h r  )
10 a* - 7 . 7 6 4 8 1 . 9 1 4 l x l o ” ^ 0 . 2 3  80 7 . 3 6 0 6 x 1 0  2 1 7 .8 7  9 1 . 7 3 0
10b* - 7 . 9 8 6 3 1 .3 4 7  0 x 1 0  2 0 .2 5 2 6 4 .8 7  5 3 x l o ”2 1 8 . 3 8 9 1 1 . 7 8 8
10c * - 8 . 1 9  81 8 .4 3  8 7 x 1 0 ~ 2 0 . 2 0 7 0 3 . 1 1 4 9 x 1 o " 2 1 8 . 8 7 6 8 1 . 6 1 0
lO d - 8 . 2 7 0 5 1 .1 3 1 6 x 1  o ” 0 .2 3 5 3 4 . 1 9 6 O x lo ” 1 9 .0 4 3 1 . 7 1 9
lO e - 7 . 6 6 0 2 . 2 4 7 3 x 1 o " 2 0 . 2 6  27 7 . 9 4 7  Oxlo"^ 1 7 .6 3 7 1 . 8 3 0
l O f - 7  . 806 2 1 . 002O x lo ” ^ 0 . 2 4 6 4 3 . 5  8 3 9 x 1 O"2 1 7 . 9 7 4 1 . 7 6 4
lO g - 7 . 3 9 2 6 . 6 4 4 2 x l o “ 2 0 . 2 6  52 2 . 3 9 8 2 x 1 O’ 2 1 7 . 0 2 1 1 . 8 4 2
lO h - 7 . 9 7  36 2 .6 4 4 2 x 1 0 " 0 .2 4 0 4 7 . 7 7 6 5 x 1 0 " 1 8 . 3 6 0 1 . 7 3 9
TOTAL - 7  .7 7 2 1 . 3 7 1 7 x 1 0 0 . 2 3  83 4 . 9 1 4 1 x 1 0 1 8 . 3 6 8 1 . 7 3 1
-2 -2
AS44 11a* - 8 . 4 4 5 6 9 .0 3  5 0 x 1 0  _ 0 . 1 2 5 1 3 . 2 3 5 x 1 0 1 9 . 4 4 6 7 1 . 3 3 4
(p h rA ) l i b * - 8 . 3 1 0 1 1 . 8 7 2 0 x 1 O" 0 . 1 5 2 1 6 . 4 7 3 x 1 o"2 1 9 . 1 3 4 1 . 4 1 9
11c - 8 . 2 0 3 2 2 . 2 2 5 2 x 1 o" 0 .0 5 5 0 7 . 7 5 4 x 1 o” 2 1 9 . 2 2 1 1 . 1 3 5
l i d - 8 . 2 0 3 2 4 . 6  93 2x1 o" 0 .1 5 2 2 1 ,8 0 4 x 1 0 " 1 8 . 8 8 8 1 .4 1 9
l i e - 8 . 6 7 9 6 1 . 3 1 2  9 x 1 0" 0 .1 7 6 7 4 .7  2 7 x lO ~ 2 1 9 . 9 8 5 1 . 5 0 2
I l f - 8 . 2 7 0 9 1 .1 1 4 6 x 1 0 " ^ 0 . 0 7 6 4 . 1 3 OxlO"2 1 9 .0 4 4 1 . 1 9 0
l l g - 8 . 3 4 3 1 . 7 6 1 7 x 1 0 ” 0 . 1 2 8 0 6 . 2 4 9 x l 0 " 2 1 9 . 2 1 1 . 3 4 2
l l h - 8 . 8 0 0 3 2 . 2 3  52x1  o“ 0 . 1 4 4 2 8 . 0 4 5 x 1 0 “ 2 0 . 2 6 1 . 3 9 3
TOTAL - 8 . 4 5 1 9  8 . 3 7 1 2 x l o " 2 0 . 1 2 5 2  3 . 0 1 7 x l o " 2 1 9 . 4 6  1 . 3 3 4




( l o g  1 0 )
S t d .  ERROR 
OF SLOPE
INTERCEPT STANDARD ERROR 
OF INTERCEPT
' n'
-2 -2DY326 12a* - 8 . 3 9 7 6 9 . 2 1 8 x 1 0 0 .2 1 6 7 3 . 1 7 1 x 1 0 * 1 9 .3 3 6 1 .6 4 7
(P h rB ) 12b* - 8 . 6 2 5 2 2 . 8 0 1 x 1 o” 0 . 3 7 4 1 9 . 5 6  Oxl o” 1 9 .8 6 2 . 3 6 6
12c * - 8 . 2 7 8 9 1 .4 6  8x1 o“ 0 .2 1 8 9 4 .5 0 1 x 1 0  2 1 9 .0 3 1 . 6 5 6
12d - 8 . 0 0 3 3 6 . 1 7 5 x 1  o” 0 . 0 6  53 6 . 1 3 7 x 1 0  2 1 8 .4 2 3 1 . 1 6 2
12e - 8 . 5 9 3 2 1 . 9 8 5 x 1 o” 0 .1 1 0 3 6 .5  O lx l  0 1 9 . 7  86 1 . 2 8 9
12 f - 8 . 0 3  85 5 . 8 2 6 x 1 o” 0 .1 5 2 6 2.286x 1 o” 1 8 . 5 0 9 1 . 4 2 1
12g - 8 . 9 2 0 2 1 . 201x10” 0 . 1 3 1 5 3 .6 0 0 x 1 0  2 2 0 . 5 4 0 1 . 3 5 4
12h - 8 . 7 0 2 6 1 . 7  89x1  o” 0 .2 6  80 5 . 4 1 9 x 1 0 2 0 .0 4 1 . 8 5
TOTAL - 8 . 3 3 9 5 1 . 2 6  8x 10 0 . 1 6 3 9 4 . 2 4 5 6 x 1 0 1 9 . 2 0 1 . 4 5 8
AS46 13 a* - 7 . 9 4 1 6 5 .2 7  6 2x1 o”2 0 . 1 2 8 5 2 . 0 5 3 O x lo”2 1 8 . 2 2 4 1 . 3 4 4
( p h r A ,p h r B ) 13b* - 8 . 1 1 5 7 4 . 5 0 4 8 x 1 o” 0 . 1 4  51 1 . 7  5 19x1  o” 1 8 . 6  87 1 . 3 8 5
1 3 c * - 8 . 0 5 5 5 1 . 8 3  8 7 x 1 0  * 0 .1 1 5 6 7 . 1 0 1 7 x 1 0 1 8 . 5 4 8 1 . 3 0 5
13d - 7 . 9 2 5 7 1 .3 1 4 5 x 1 0 ” 0 .  087 8 4 . 7 2 9 3 x 1 o” 2 1 8 . 2 5 0 1 . 2 2 4
13 e - 7 . 8 4 1 3 9 . 0 6 9 5 x 1 0 ” 0 .1 5 1 7 3 . 5 2 9 4 x 1 0 ” 1 8 . 0 5 5 1 . 4 1 8
13 f - 8 . 0 7 4 3 5 . 7  5 9 3 x 1 0 0 . 1 6 3 0 2 . 0 7 4 1 x 1 0 1 8 . 5 9 2 1 . 4 5 5
I 3 g - 8 . 0 7  6 2 8 .1 7  23x1  o” 0 .0 8 6  2 2 . 9 9 4 5 x 1 o” 1 8 .5 9 6 1.222
1 3 h - 7 . 9 6  86 1 . 9 2 1 1 x 1 0 ” 0 .1 7 7 6 . 9 5 6 2 x 1 o“ 1 8 . 3 4 8 1 .5 0 6
TOTAL - 8 . 0 2 2 4 1 . 2 0 8 7 x 1 o" 1 0 . 1 1 6 1 4 . 5 3 8 4 x 1 o” 2 1 8 . 4 7 2 1 .3 0 7
T a b l e  3 . 2  ANALYSIS OF COVARIANCE OF 254 nm SURVIVAL DATA FOR A S 44 , DY326 AND 
AS46 GROWN AT 25°C
INTERCEPT LOCATION SLOPE LOCATION
STRAIN --------------------------------------------------------------------  -----------------------------------------------------------------------
CHANGE OF DEGREES OF PROBABILITY CHANGE OF DEGREES OF PROBABILITY 
F -  RATIO FREEDOM F -  RATIO FREEDOM
AS44 2 . 5 4 1 ,1 7 7 0 .1 1 2 7 1 . 3 3 7 1 , 1 8 0 0 . 2 4 8 9
DY326 O.OIO 1 , 1 7  8 0 .9 2 0 5 2 . 5 0 1 , 1 8 1 0 .1 1 5 5
AS46 0 . 9  87 1 , 1 7  9 0 . 3  218 2 . 9 7  5 1 ,1 8 2 0 . 086 2
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l e t h a l  h i t ,  and h e n c e  t h e  number o f  p y r i m i d i n e  d i m e r s  p e r  l e t h a l
h i t ,  i s  t h e  same f o r  e a c h  s t r a i n .  The c a l c u l a t e d  v a l u e s  f o r  t h e
number o f  p y r i m i d i n e  d im e r s  p e r  l e t h a l  h i t  f o r  AB24 8 0 ,  A S 44 ,  DY326
and AS46 w e r e  4 . 4 5 ,  3 . 5 ,  3 . 8 2  and 3 . 6 4 , r e s p e c t i v e l y ,  b a s e d  o n  a
- 2
v a l u e  o f  53 p y r i m i d i n e  d i m e r s  p e r  Jm in d u c e d  i n  t h e  E . c o l i  
genom e d e t e r m i n e d  by E l l i s o n  and  C h i l d s  ( 1 9 8 1 ) .
3 . 2  H i g h - I n t e n s i t y  F l a s h  P h o t o l y s i s
R e f e r e n c e  t o  t h e  k i n e t i c  e q u a t i o n  f o r  p h o t o r e a c t i v a t i o n  
d e r i v e d  by R u p e r t  ( 1 9 6 2 a , b )  r e v e a l s  t h a t  t h e  r e a c t i o n  may be  
e x p e r i m e n t a l l y  d i v i d e d  i n t o  l i g h t  and d a r k  p e r i o d s .  D u r in g  t h e  
d a r k  p e r i o d ,  t h e  p h o t o r e a c t i v a t i n g  enzym e c o m p l e x e s  w i t h  t h e  d im er  
s u b s t r a t e .  The r a t e  o f  c o m p l e x a t i o n  i n  t h i s  i n s t a n c e  i s  d e p e n d e n t  
p r i n c i p a l l y  o n  t e m p e r a t u r e ,  w h e r e a s  d u r in g  t h e  l i g h t - d e p e n d e n t  
p h o t o l y s i s  s t e p ,  t h e  r a t e  i s  d e p e n d e n t  on t h e  f l u e n c e - r a t e  o f  t h e  
p h o t o r e a c t i v a t i n g  l i g h t .  H o w ev er ,  u n d er  c o n d i t i o n s  o f  s a t u r a t i n g  
f l u e n c e - r a t e  o f  p h o t o r e a c t i v a t i n g  l i g h t ,  w h e r e b y  a PR E-dim er  
c o m p le x  i s  p h o t o l y s e d  a s  s o o n  a s  i t  i s  fo r m e d ,  t h e  o v e r a l l  r a t e  o f  
p h o t o r e a c t i v a t i o n  b e c o m e s  d e p e n d e n t  o n l y  on  t h e  d a r k  c o m p l e x a t i o n  
r e a c t i o n .  As d i s c u s s e d  i n  t h e  I n t r o d u c t i o n  t o  t h i s  w o r k ,  Harm e t  
a l .  ( 1 9 7 1 )  d e v e l o p e d  t h e  h i g h - i n t e n s i t y  s i n g l e  f l a s h  p h o t o l y s i s  
m e th o d  t o  s e p a r a t e  t h e  d a r k  and  l i g h t  c o m p o n e n ts  o f  t h e  r e a c t i o n .
T h i s  t e c h n i q u e  h a s  b e e n  u s e d  e x t e n s i v e l y  t h r o u g h o u t  t h i s  w o r k ,  b o t h  
t o  e s t i m a t e  t h e  number o f  p h o t o r e a c t i v a t i n g  e n z y m e - s u b s t r a t e  
c o m p l e x e s  and  t o  r a o n a n e r iz e  a l l  p r e - f o r m e d  P R E - s u b s t r a t e  c o m p le x e s  
p r i o r  t o  k i n e t i c  s t u d i e s .  T h i s  t e c h n i q u e  c a n  be u s e d  t o  m e a s u r e  
t h e  k i n e t i c s  o f  t h e  ' f i r s t - r o u n d '  o f  c o m p l e x a t i o n ,  b u t  t h e r e  a r e  
i n h e r e n t  m a n i p u l a t i v e  d i f f i c u l t i e s  i n  g i v i n g  a s u f f i c i e n t  
i n a c t i v a t i n g  f l u e n c e  q u i c k l y  en o u g h  and t h e n  d i s t r i b u t i n g  t h e
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s a m p le  f o r  f l a s h  t r e a t m e n t .  T h e r e f o r e ,  t h e  k i n e t i c  m e a s u r e m e n t s  i n  
t h i s  w o rk  r e p r e s e n t  t h e  ' s e c o n d  ro u n d '  o f  c o m p l e x a t i o n  r e s u l t i n g  
fro m  t h e  c o m p l e t e  p h o t o l y s i s  o f  a l l  p r e - f o r m e d  P R E - s u b s t r a t e  
c o m p l e x e s .  H cw ev er ,  d e s p i t e  t h e  d i f f i c u l t i e s  p r e v i o u s l y  a l l u d e d  
t o ,  i t  w a s  n e c e s s a r y  t o  make a c r u d e  e s t i m a t e  o f  t h e  t i m e  r e q u i r e d  
f o r  m ax im a l PRE c o m p l e x a t i o n .  T h i s  w o u ld  e s t a b l i s h  t h e  h o l d i n g  
t i m e  n e c e s s a r y  b e t w e e n  UV i n a c t i v a t i o n  and p h o t o r e a c t i v a t i n g  l i g h t  
t r e a t m e n t s .
C e l l  s u s p e n s i o n s  w e r e  e q u i l i b r a t e d  t o  25°C  f o r  5 m i n u t e s  and
- 2g i v e n  a 2 5 4  nm f l u e n c e  o f  a p p r o x i m a t e l y  0 . 5  Jm , s u f f i c i e n t  t o
- 4
r e d u c e  t h e  s u r v i v i n g  f r a c t i o n  t o  1 x  1 0  . The s u s p e n s i o n  w a s  t h e n
d i v i d e d  i n t o  0 . 3  ml p o r t i o n s ,  and e a c h  sa m p le  g i v e n  an  i n t e n s e  
f l a s h  o f  l i g h t  a t  t i m e s  v a r y i n g  f r a n  1 t o  4 0  m i n u t e s  a f t e r  UV 
i n a c t i v a t i o n .  P r e l i m i n a r y  e x p e r i m e n t s  had  r e v e a l e d  t h a t  a s i n g l e  
s y n c h r o n i s e d  f l a s h  f r a n  tw o  p h o t o g r a p h i c  f l a s h  g u n s  w a s  s u f f i c i e n t  
t o  m o n c m e r iz e  a l l  p r e - e x i s t i n g  P R E - s u b s t r a t e  c o m p l e x e s  ( d a t a  n o t  
s h e w n ) .  The r e s u l t s  o f  t h e s e  ' f l a s h - c o m p l e x a t i o n '  e x p e r i m e n t s  f o r  
AB24 80  and AS44 a r e  shew n i n  F i g .  3 . 5 .  The t i m e  r e q u i r e d  f o r  
m a x im a l c o m p l e x a t i o n  w i t h  AB2480 w a s  a p p r o x i m a t e l y  5 m i n u t e s ,  
a p p r o a c h e d  a t  a h i g h  i n i t i a l  r a t e ,  w h e r e a s  AS44 e x h i b i t e d  a s i m i l a r  
t i m e  f o r  m a x im al c o m p l e x a t i o n ,  b u t  w h ic h  w a s  a p p r o a c h e d  a t  a  
som ew hat s l o w e r  r a t e .  B o th  T y r r e l l  ( 1 9 7 1 )  an d  Harm e t  a l .  (1 9 6  8 ) 
r e p o r t  s i m i l a r  r e s u l t s  f o r  E.  c o l i  K-12 AB2480 and B g 
r e s p e c t i v e l y .
3 . 2 . 1 .  E s t i m a t i o n  o f  t h e  Number o f  P h o t o r e a c t i v a t i n g  
E n z y m e - S u b s t r a t e  C o m p le x e s
o
H a v in g  e s t a b l i s h e d  t h a t  a h o l d i n g  t i m e  o f  2 0  m i n u t e s  a t  25  C 
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Fig. 3.5. Single flash photolysis of AB2480 (±) and AS44 (•)
at various time periods after 254 nm UV inactivation.
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c o m p le x e d ,  a  number o f  e x p e r i m e n t s  w e r e  p e r f o r m e d  t o  d e t e r m i n e  t h e
' f l u e n c e - d e c r e m e n t ' r e s u l t i n g  from  a s i n g l e  f l a s h  o f  l i g h t .  .
- 2
K now ing t h e  number o f .  p y r i m i d i n e  d im e r s  p e r  Jm in d u c e d  i n  t h e  JE.
c o l 1 g e n c m e ,  t h e  f l u e n c e  d e c r e m e n t  c a n  be u s e d  t o  make a c r u d e
e s t i m a t e  o f  t h e  a v e r a g e  number P R E - s u b s t r a t e  c o m p l e x e s  p e r  c e l l
p r e s e n t  a t  t h e  i n s t a n t  o f  t h e  f l a s h .
C e l l  s u s p e n s i o n s  w e r e  g i v e n  g r a d e d  f l u e n c e s  o f  254 nm UV,
a f t e r  w h ic h  a s a m p le  w a s  r e m o v e d .  The sa m p le  w a s  s p l i t  i n t o  tw o
p o r t i o n s ,  one  b e i n g  a s s a y e d  f o r  c e l l  s u r v i v a l .  The r e m a in d e r  w a s  
o
h e l d  a t  25  C f o r  2 0  m i n u t e s ,  g i v e n  a s i n g l e  h i g h  i n t e n s i t y —f l a s h
and t h e n  a s s a y e d  f o r  s u r v i v a l .  D u p l i c a t e  r e s u l t s  f o r  AB24 80  and
AS44 a r e  shew n i n  F i g .  3 . 6 .  The s u r v i v a l  p a r a m e t e r s  a r e  i n c l u d e d
i n  T a b l e  3 . 3 .  The d a t a  p e r t a i n i n g  t o  F i g .  3 . 6  a r e  i n c l u d e d  i n
T a b l e s  A 4 .1 4  and A 4 . 1 5 .  The f l u e n c e  d e c r e m e n t ,  t h a t  i s  t h e  f l u e n c e
w h i c h  r e s u l t s  i n  t h e  sam e s u r v i v a l  a s  a l a r g e r  f l u e n c e  o f  UV
c o m b in e d  w i t h  o n e  h i g h - i n t e n s i t y  f l a s h ,  o b t a i n e d  f o r  b o t h  AB2480
and AS44 w e r e  n o t  c o n s t a n t .  P r o b a b i l i t y  t h e o r y  p r e d i c t s  t h a t  w h e r e
' l e t h a l  h i t s '  a r e  P o i s s o n  d i s t r i b u t e d  t h r o u g h o u t  t h e  p o p u l a t i o n ,
o n l y  t h o s e  c e l l s  h a v i n g  n o r  l e s s  l e t h a l  h i t s  w i l l  s u r v i v e  a f t e r  UV
i n a c t i v a t i o n  p l u s  o n e  p h o t o r e a c t i v a t i n g  f l a s h ;  w h e r e  n i s  t h e
number o f  PRE m o l e c u l e s  r e q u i r e d  t o  r e v e r s e  t h e  p y r i m i d i n e  d im e r s
c o n s t i t u t i n g  o n e  l e t h a l  h i t .  Thus a s  t h e  UV f l u e n c e  i n c r e a s e s ,  t h e
f r a c t i o n  o f  t h e  c e l l  p o p u l a t i o n  h a v i n g  n or  l e s s  l e t h a l  h i t s
b e c o m e s  c o n s t a n t ,  r e s u l t i n g  i n  a c o n s t a n t  f l u e n c e  d e c r e m e n t .
H o w ev er ,  i n  t h i s  s t u d y  t h i s  s i t u a t i o n  w a s  n o t  r e a c h e d  and s o  t h e
f l u e n c e - d e c r e m e n t  m u st  r e f l e c t  t h e  l e w e r  l i m i t  o f  t h e  number o f
P R E - s u b s t r a t e  c o m p l e x e s .  The m e a s u r e d  f l u e n c e - d e c r e m e n t s  f o r
- 2
AB2480 and AS44 w e r e  a p p r o x i m a t e l y  0 . 2 7  5 and 0 . 1 4  Jm , 
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Fig. 3.6. Replicate survival curves for AB2480 (Panel A) and AS44 (Panel B) grown at 37 C
after 254 nm UV inactivation (closed symbols) and a single light flash (open symbols) at 25 C. 137
T a b l e  3 . 3  SURVIVAL DATA FOR AB248Q, A S46 , DY326 AND AS46 
AFTER 254  nm UV IRRADIATION AND MAXIMUM FLASH 
PHOTOLYSIS AT 25°C
STRAIN TREATMENT INTERCEPT ’ n' ( k )
~ 2 s ~ 1( Jm )
AB2480  
( £ h r + )
254  nm 
FLASH
1 . 7 3  + 0 . 0 7 3  
2 . 1 8  + 0 . 4 9
1 8 . 3 6  + 0 . 1 4  
8 . 2 8  + 0 . 3 1
AS44
( p h r A )
254 nm 
FLASH
1 . 3 3  + 0 . 0 3  
1 . 6 7  + 0 . 1 4 8
1 9 . 4 6  + 0 . 0 8 4  
1 4 . 2 3  + 1 . 1 7 5
DY326
( p h r B )
254 nm 
FLASH
1 . 4 6  + 0 . 0 4 2  
1 . 5 1  + 0 .1 0 4
1 9 . 2 0  + 0 . 1 3  
1 8 . 2 6  + 0 . 1 3
AS46
( p h r A , p h r B )
254 nm 
FLASH
1 . 3 1  + 0 .0 4
1 . 3 4  + 0 . 1 1
1 8 . 4 7  + 0 . 1 2  
1 7 . 0 5  + 0 . 2 6
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and 7 . 4  _+ 0 . 6 7  P R E - s u b s t r a t e  c o m p le x e s  p e r  c e l l ,  b a s e d  o n  53
- 2
p y r i m i d i n e  d i m e r s  p e r  Jm p e r  g e n a n e  ( E l l i s o n  and C h i l d s ,  1 9 8 1 ) .
T h e r e  w a s  n o  m e a s u r a b l e  f l u e n c e  d e c r e m e n t  w i t h  e i t h e r  DY326 o r  
A S46. The v a l u e s  o b t a i n e d  i n  t h i s  s t u d y  c o n t r a s t  w i t h  t h e  v a l u e  o f  
2 0  d e t e r m i n e d  by Harm e t  a l .  (1 9 6  8 ) f o r  an o v e r n i g h t  c u l t u r e  o f  E. 
c o l i  Bg T y r r e l l  and D a v i e s  ( 1 9 7 4 )  u s e d  p h o t o r e a c t i v a t i o n  
k i n e t i c s  t o  d e r i v e  a v a l u e  o f  4 - 5  PRE m o l e c u l e s  p e r  c e l l  i n  a 16 h 
c u l t u r e  o f  AB24 80  g rcw n  i n  n u t r i e n t  b r o t h .
B e f o r e  p r o c e e d i n g  t o  d e t e r m i n e  t h e  k i n e t i c s  o f  p h o t o ­
r e a c t i v a t i o n  i n  t h e  f o u r  s t r a i n s ,  i t  i s  im p o r t a n t  t o  c o n s i d e r  why  
AS44 s h o u l d  h a v e  s u c h  a m a r k e d ly  d e c r e a s e d  f l a s h  r e s p o n s e  com p ared  
w i t h  AB24 8 0 .  I t  c o u l d  b e  a r g u e d  t h a t  t h e  p r o d u c t i o n  o f  PRE 
m o l e c u l e s  a s  a f u n c t i o n  o f  t h e  s t a g e  o f  g r c w th  c o u l d  be  s l c w e r ,  b u t  
t h e  f l a s h  r e s p o n s e  o f  4 8 hour  c e l l s  rem a in ed  l e s s  t h a n  4 8 hour  
AB2480 ( d a t a  n o t  s h o w n ) .  S i m i l a r l y ,  R e s n ic k  and  S e t l c w  (1 9 7  2)  
f o u n d  t h a t  t h e  am ount o f  PRE i n  t e t r a p l o i d  c e l l s  o f  _S. c e r e v l s i a e  
w a s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  number o f  g e n e  c o p i e s  p e r  c e l l  
i n v o l v e d  i n  t h e  s y n t h e s i s  o f  PRE. An a n a l o g o u s  ' g e n e - d o s a g e ' 
e f f e c t  i n  t h e  s t r a i n s  u s e d  i n  t h i s  s t u d y  d o e s  seem u n l i k e l y ,  
b e c a u s e  s u c h  genom e m u l t i p l i c i t y  w o u ld  be r e f l e c t e d  i n  a  
s i g n i f i c a n t  v a r i a t i o n  i n  t h e  s h o u l d e r  o f  t h e  s u r v i v a l  c u r v e s .
R e f e r e n c e  t o  F i g s .  3 . 1  t o  4 and T a b l e  3 . 2  i n d i c a t e s  t h a t  t h i s  
s i t u a t i o n  d o e s  n o t  e x i s t .  F i n a l l y ,  S u t h e r la n d  and H a u s r a t h  (1 9 7  9)  
r e p o r t e d  a 2 t o  3 f o l d - g r e a t e r  a p p a r e n t  M i c h a e l i s - M e n t o n  c o n s t a n t  
Km f o r  PRE i s o l a t e d  f r a n  s t r a i n s  w i t h  a A ( g a l - a t t A  ) d e l e t i o n  t h a n  
from  n orm al s t r a i n s ,  l e a d i n g  them  t o  s u g g e s t  t h a t  t h e  enzym e i n  
t h e s e  c e l l s  h a s  a r e d u c e d  a f f i n i t y  f o r  i t s  s u b s t r a t e ,  t h e  
p y r i m i d i n e  d i m e r .  From t h e  d a t a  o b t a i n e d  i n  t h i s  s t u d y ,  s u c h  a 
h y p o t h e s i s  c a n  n e i t h e r  be  c o n f i r m e d  nor r e j e c t e d .  H o w ev er ,  t h e
s u g g e s t i o n  t h a t  w i t h  s t r a i n  A S 4 4 ,  w h ich  i s  d e l e t e d  b e t w e e n  g a l  and
c h l A , t h e  d a r k  e q u i l i b r i u m  b e t w e e n  c o m p le x e d  PRE and f r e e  PRE may
be s h i f t e d  i n  f a v o u r  o f  t h e  l a t t e r  d o e s  seem  p l a u s i b l e ,  b u t
e x p e r i m e n t s  u s i n g  c o m p e t in g  s u b s t r a t e  m o l e c u l e s  w o u ld  b e  n e e d e d  t o
c o n f i r m  t h i s .  P r e l i m i n a r y  e x p e r i m e n t s  u s i n g  a re c A  d e r i v a t i v e  o f
s t r a i n  SA446 ( a  r e l a t e d ,  b u t  n o t  i s o g e n i c  s t r a i n  t o  S A 2 0 6 ,  h a v i n g  a
d e l e t i o n  e x t e n d i n g  from  c h iA  t o  a t t i  -  s e e  A p p e n d ix  1 )  g a v e  a f l a s h
r e s p o n s e  c o m p a r a b le  w i t h  AB2480 ( d a t a  n o t  s h o w n ) .  The f l u e n c e
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d e c r e m e n t  w a s  a p p r o x i m a t e l y  0 .2 3 7  Jm , g i v i n g  an e s t i m a t e  o f  1 2 . 5
PRE m o l e c u l e s  p e r  c e l l .  S i m i l a r l y ,  and t o  r u l e  o u t  any  e f f e c t s  o n
p h o t o r e a c t i v a b i l i t y  r e s u l t i n g  from  t h e  d e l e t i o n  i n c l u d i n g  t h e  uvrB
l o c u s ,  t h e  f l u e n c e  d e c r e m e n t  w a s  d e t e r m in e d  f o r  a r e c A  d e r i v a t i v e
- 2
o f  AB1885 ( A p p e n d ix  1 ) .  The v a l u e  o b t a i n e d  w a s  0 . 2 3 3  Jm ,  
r e s u l t i n g  i n  a n  e s t i m a t e  o f  1 2 . 4  PRE m o l e c u l e s  p e r  c e l l  ( d a t a  n o t  
s h o w n ) .  T a k en  t o g e t h e r ,  t h e s e  d a t a  s t r o n g l y  i n d i c a t e  t h a t  t h e r e  i s  
a l o c u s  w i t h i n  t h e  g a l -  a t t i  i n t e r v a l  w h ic h  c o n t r i b u t e s  e i t h e r  t o  
t h e  p r o d u c t i o n  o f  PRE m o l e c u l e s  o r  t h e  a c t i v i t y / a f f i n i t y  o f  t h o s e  
m o l e c u l e s .
3 . 3  P h o t o r e a c t i v a t i o n  w i t h  C o n t in u o u s  I l l u m i n a t i o n
I n  o r d e r  t o  d e t e r m i n e  b o t h  t h e  r a t e  and e x t e n t  o f  p h o t o -  
e n z y m a t i c  r e p a i r ,  i r r a d i a t e d  c e l l  s u s p e n s i o n s  w e r e  e x p o s e d  t o  
c o n t i n u o u s  b r o a d - b a n d  p h o t o r e a c t i v a t i n g  l i g h t .  H o w ev er ,  i t  w a s  
f i r s t  n e c e s s a r y  t o  d e t e r m i n e  u n d er  w h a t  f l u e n c e - r a t e  c o n d i t i o n s  t h e  
o v e r a l l  r a t e  o f  t h e  r e a c t i o n  becam e d e p e n d e n t  o n l y  on t h e  d a r k  
c o m p l e x a t i o n  o f  t h e  PRE w i t h  t h e  s u b s t r a t e .  C o n s i d e r i n g  t h e  
r e a c t i o n  sch em e  p r o p o s e d  by R u p e r t  ( 1 9 6 2 a ,b )  ( s e e  e q u a t i o n  1 ,  
I n t r o d u c t i o n )  t h e  r a t e  c o n s t a n t  k^ f o r  t h e  p h o t o l y t i c  r e p a i r  
r e a c t i o n  c a n  b e  e x p r e s s e d  by t h e  p r o d u c t  kp1 * w h e r e  I  i s  t h e  l i g h t
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i n t e n s i t y  and k^ i s  t h e  ’ p h o t o l y t i c  c o n s t a n t *  w h ic h  v a r i e s  
e s s e n t i a l l y  w i t h  t h e  w a v e l e n g t h .  T h e r e f o r e ,  when t h e  f l u e n c e  r a t e  
o f  t h e  l i g h t  ( I )  i s  s u f f i c i e n t l y  l a r g e ,  c a u s i n g  a l l  [E S] c o m p l e x e s  
t o  be  s p l i t  a s  s o o n  a s  t h e y  a r e  fo r m e d ,  t h e  r a t e  o f  t h e  r e a c t i o n  
b e c o m e s  d e p e n d e n t  o n  t h e  a b i l i t y  o f  t h e  PRE t o  c o m p le x  w i t h  t h e  
s u b s t r a t e  i . e .  t h e  'd a r k '  r e a c t i o n .
3 . 3 . 1 .  D e t e r m i n a t i o n  o f  S a t u r a t i n g  F l u e n c e - R a t e  C o n d i t i o n s
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C e l l  s u s p e n s i o n s  w e r e  r e d u c e d  t o  a b o u t  1 x  1 0  s u r v i v i n g
o
f r a c t i o n  w i t h  a f l u e n c e  o f  2 5 4  nm UV, h e l d  a t  25 C f o r  2 0  m i n u t e s
and t h e n  g i v e n  a s i n g l e  h i g h - i n t e n s i t y  f l a s h  a t  t h e  same i n s t a n t  a s
commencement o f  c o n t i n u o u s  i l l u m i n a t i o n .  C e l l  s a m p le s  w e r e  a s s a y e d
f o r  su r v iv e d ,  a t  t i m e s  b e t w e e n  15  s e c o n d s  an d  6 0  m i n u t e s .  The
e x p e r i m e n t s  w e r e  r e p e a t e d  a t  PR f l u e n c e  r a t e s  v a r y i n g  fro m  0 . 2 8  t o  
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3 1 . 8  Wm . The p h o t o r e a c t i v a t i o n  d a t a  o f  A B 2480, AS44 and DY326 a t  
t h r e e  f l u e n c e  r a t e s  a r e  sh ew n  i n  F i g .  3 . 7 .  The d a t a  p e r t a i n i n g  t o  
t h i s  f i g u r e  a r e  i n c l u d e d  i n  T a b l e s  A 4 . 1 6 - 1 8 .  T h e s e  d a t a  h a v e  b e e n  
a n a l y s e d  by  t h e  ( 1 - P )  m e th o d  d i s c u s s e d  i n  R e s u l t s  and D i s c u s s i o n  -  
P a r t  I I ,  and a r e  show n i n  t h i s  form  i n  F i g .  3 . 8 .  The ( 1 - P )  v a l u e s  
f o r  AB2480 and AS44 h a v e  b e e n  c o r r e c t e d  s u c h  t h a t  t h e  v a l u e  o f  t h e  
s i n g l e  f l a s h  r e c o v e r y  a l o n e  ( e q u i v a l e n t  t o  t =0 m in )  i s  1 , by  
d i v i d i n g  a l l  t h e  v a l u e s  by t h e  ( 1 - P )  v a l u e  c a l c u l a t e d  f o r  t h e  f l a s h  
r e c o v e r y  a l o n e .  T h i s  r e m o v e s  t h e  ' i n i t i a l - r a t e - b i a s '  w h ic h  w o u ld  
b ecom e a p p a r e n t  a t  s h o r t  t i m e  i n t e r v a l s  due t o  su m m a tio n  o f  t h e  
i n c r e a s e  i n  s u r v i v a l  r e s u l t i n g  from  b o t h  t h e  f i r s t  and s e c o n d  
r o u n d s  o f  f l a s h  c o m p l e x a t i o n .  T h i s  w a s  a d o p t e d  t h r o u g h o u t  t h e  
r e m a in d e r  o f  t h i s  w o r k ,  w h e n e v e r  a f l a s h  r e s p o n s e  w a s  o b t a i n e d .
The i n i t i a l  s l o p e s  o f  t h e  ( 1 - P )  p l o t s  w e r e  f i t t e d  by l e a s t  s q u a r e s  
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Fig. 3.7. P h o t o r e a c t i v a t i o n  a t  25°C o f  254 nm i n a c t i v a t e d  AB2480 ( P a n e l  A),AS44 ( P a n e l  B) a n d  DY326 ( P a n e l  C)
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Fig. 3.8. 1-P analysis of the photoreactivation rate at 25°C of AB2480 (Panel A), AS44 (Panel B) and DY326
_2
(Panel C) at photoreactivating fluence rates of 1.1 (A), 4.55 (O) and 17.6 Wm (□).
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b e e n  p l o t t e d  a g a i n s t  t h e  p h o t o r e a c t i v a t i n g  l i g h t  f l u e n c e  r a t e  ( F i g .
3 . 9 ) .  W here t h e  i n i t i a l  p o r t i o n  o f  t h e  c u r v e  w a s  n o t  l i n e a r ,  t h e  
s l o p e  w a s  c a l c u l a t e d  from  t h e  t i m e  r e q u i r e d  t o  rem ove  5 0  p e r  c e n t  
o f  t h e  p h o t o r e a c t i v a b l e  l e s i o n s .  T h e se  d a t a  i n d i c a t e  t h a t  t h e  r a t e
o f  p h o t o r e a c t i v a t i o n  becam e i n d e p e n d e n t  o f  f l u e n c e  r a t e  b ey o n d  7 t o
- 2  - 2  - 1  8 Wm , and a r e  i n  g o o d  a g r e e m e n t  w i t h  t h e  v a l u e  o f  6 0  erg.m m  . s
- 2(6 Wm ) r e p o r t e d  by  T y r r e l l  and D a v i e s  (1 9 7  4 )  f o r  AB24 8 0 .  J o r n s
e t  a l .  ( 1 9 8 7 )  r e p o r t  u n p u b l i s h e d  r e s u l t s  s h e w in g  t h a t  7 0  e r g s .
- 2  - 1  - 2
mm s  (7  Wm ) i s  s a t u r a t i n g  f o r  E.  c o l i  p h o t o l y a s e  i n  v i t r o .
3 . 3 . 2 .  K i n e t i c s  o f  D a r k - C o m p le x a t io n  U nder S a t u r a t i n g
I r r a d i a n c e  C o n d i t i o n s  o f  B ro a d -B a n d  L i g h t
The sam e e x p e r i m e n t a l  p r o c e d u r e  a s  d i s c u s s e d  a b o v e  w a s  u s e d ,
e x c e p t  t h e  f l u e n c e  r a t e  o f  p h o t o r e a c t i v a t i n g  l i g h t  w a s  m a i n t a i n e d
- 2
a t  a p p r o x i m a t e l y  17 Wm . The p h o t o r e a c t i v a t i o n  d a t a  f o r  t h e  f o u r  
s t r a i n s  a r e  show n i n  F i g .  3 . 1 0  and t h e  ( 1 - P )  a n a l y s e s  a r e  i n c l u d e d  
i n  F i g .  3 . 1 1 .  The r a t e  c o n s t a n t  i . e .  g r a d i e n t  o f  t h e  ( 1 - P )  p l o t
( T a b l e  3 . 4 )  r e f l e c t s  t h e  p r o d u c t  o f  t h e  r a t e  c o n s t a n t  f o r
e n z y m e - s u b s t r a t e  c o m p l e x a t i o n  and t h e  number o f  PRE m o l e c u l e s  p e r
- 3  - 1  - 1
c e l l .  U s i n g  a v a l u e  o f  1 . 8  x  1 0  c e l l  v o l .  m o l e ,  s  f o r  t h e
r a t e  c o n s t a n t  m e a s u r e d  by Harm e t  a l .  ( 1 9 7 1 ) ,  an e s t i m a t e  o f  t h e
number o f  PRE m o l e c u l e s  c a n  be m ade. T h e s e  e s t i m a t e s  a r e  a l s o
i n c l u d e d  i n  T a b l e  3 . 4
C o n c o m ita n t  c o n t r o l  e x p e r i m e n t s  i n d i c a t e d  t h a t  t h e  s u r v i v i n g
f r a c t i o n  o f  n o n - i r r a d i a t e d  c e l l s  e x p o s e d  t o  p h o t o r e a c t i v a t i n g  l i g h t
d i d  n o t  f a l l  b e lc w  0 . 8  o v e r  t h e  t i m e  p e r i o d s  s t u d i e d .  The d a t a
fr c m  a s e r i e s  o f  e x p e r i m e n t s  t o  d e m o n s t r a t e  t h e  e f f e c t  o f
p h o t o r e a c t i v a t i n g  l i g h t  o n  u n i r r a d i a t e d  c e l l s  and  a b s e n c e  o f  d ark
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Fig. 3.9. The rate of photoreactivation as a function of the photoreactivating fluence rate at 25 C for 
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Fig. 3.10. Photoreactivation at 25 C of 254nm inactivated







602 0 40 80 100 120
0. 05
122 4 6 8 10
P H O T O R E A C T IV A T IO N  TIME ( m i n )
Fig. 3.11. 1-P analysis of the rate of photoreactivation of
254 nm inactivated AB2480 (±), AS44 (•), DY326 (■) and AS46 (♦).
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T a b l e  3 . 4  C o m p a r iso n  o f  t h e  mean i n i t i a l  r a t e s  o f  p h o t o -  
r e a c t l v a t l o n  and e s t i m a t e s  o f  t h e  number o f  PRE 
m o l e c u l e s  a f t e r  254 nm UV r a d l a t i o n  a t  2 5 °C .
STRAIN R a te  
( x lO  ^ ) s  ^
Number o f  PRE 
M o l e c u l e s
AB2480 1 1 . 5 6 . 4
AS44 3 . 5 1 . 9 5
DY326 0 . 0 6  2 0 . 0 3 4
AS46 - -
P h o t o r e a c t i v a t i o n  o f  254  n m -U V -in d u ced  dam age i n  AS44 
p r o c e e d e d  a t  a r a t e  o f  3 0  p e r  c e n t  t h a t  o f  AB24 8 0  ( T a b l e  3 . 4 ) ,  i n  
r e a s o n a b l e  s u p p o r t  o f  t h e  d a t a  o b t a i n e d  by S u t h e r l a n d  and H a u s r a th  
( 1 9 7 9 ) ,  u s i n g  r e c o m b i n a t i o n - p r o f i c i e n t  s t r a i n s .  The p h o t o -  
r e a c t i v a b l e - s e c t o r  o f  b o t h  AB24 80 and AS44 w a s  c a l c u l a t e d  t o  be  
0 . 8 2 ,  a g a i n  i n  a g r e e m e n t  w i t h  t h e  d a t a  o f  T y r r e l l  and D a v i e s  ( 1 9 7 4 )  
an d  H o d g e s  e t  a l .  ( 1 9 8 0 )  f o r  A B2480. Of p a r t i c u l a r  i m p o r t a n c e  t o  
t h i s  s t u d y  w as t h e  e v i d e n c e  o f  PR i n  DY326 ( F i g .  3 . 1 0 ) ,  a  s t r a i n  
w h i c h  h a s  t h e  phrB m u t a t i o n  t r a n s d u c e d  frcm  t h e  p h o t o -  
r e a c t i v a t i o n l e s s  m u ta n t  E^ c o l i  B p h r . T h i s  i s  i n  c o n t r a s t  t o  
p r e v i o u s  r e p o r t s  u s i n g  phrB s t r a i n s  w h ic h  h a v e  show n no PR o f  
c o l o n y  f o r m a t i o n  (Harm and H i l l e b r a n d t ,  1 9 6 2 )  o r  t r a n s f o r m i n g  DNA 
( S e t l c w ,  1 9 6 4 ) .  B o th  t h e  r a t e  and e x t e n t  o f  r e p a i r  o f  DY326 w e r e  
m a r k e d ly  r e d u c e d  co m p a red  w i t h  AB2480 and AS44 ( T a b l e  3 . 4 ) .  I t  h a s  
b e e n  a s su m e d  f o r  t h e  p u r p o s e  o f  t h e  ( 1 - P )  a n a l y s i s  t h a t  t h e
T a b l e  3 . 5  EFFECT OF BUFFER HOLDING NON-IRRADIATED CELL;
PHOTOREACTIVATING LIGHT AND IRRADIATED CELLS 
HELD IN THE DARK
STRAIN
NON-IRRADIATED CELLS 
EXPOSED TO PRL 25 °C
IRRADIATED HELD CELLS 









AB2480 0 1 .0 0 1 . 3 l x l 0**
1 0 .9 9 6 1 1 . 3 5 x 1 0  4
2 0 . 9 8 0 2 1 . 2 9 x 1 0 *
5 1 . 0 6 5 1 .3 6 x 1 0 * *
10 0 . 9 7 0 10 1 . 21x10**
20 0 . 9 6 0 20 1 . 2 6 x 1 0 * *
3 0 1 .0 1 0 3 0 1 . 3 1 x 1 0 * *
6 0 0 . 9 5 0 6 0 1 .3 4 x 1 0 *
AS44 0 1 .0 0 9.61x10**;!
1 0 . 9 6  2 1 9.42x10*"^
5 1 . 0 5 5 1 . 1 3 x 1 0 *
10 1 .1 1 10 1 . 01x10**
20 0 .  97 20 9.36x10**;!
3 0 0 . 9 4 3 0 9 . 8 1 x 1 0 *
45 0 .9 9 6 45 9.60x10**
6 0 0 . 9 6 6 0 9 . 5 8 x 1 0 *
DY326 0 1 .0 0 2 . 6 3 x 1 0 * *
20 1 .1 20 1 . 9 5 x 1 0 * *
4 0 0 . 9 6 4 0 2 . 10x 10**
6 0 0 . 9 8 6 0 2.6  0x 10***
80 0 . 9 5 80 2.05x10**
100 0 . 9 1 100 2 .1 5 x 1 0 * *
120 0 . 9 8 120 1 . 21x10***
1 5 0 0 . 8 9 1 5 0 2 . 1 6 x 1  0*
1 8 0 0 . 8 4 1 8 0 2 . 21x 10
AS46 0 1 . 0 0 8 .0 5 x 1 0 * ; !
20 1 . 0 8 20 8 . 12x 10*
4 0 1 . 0 0 6 4 0 7 .5 2 x l O _ ?
6 0 0 . 9 6 1 6 0 7 . 2 9 x 1 0 *
80 0 . 9 2 0 8 0 8 .9 5 x 1 0 *
100 0 .9 1 4 100 5 . 3 4 x 1 0 *
120 0 . 8 4 2 120 6 .1 7 x 1 0 * ^
1 5 0 0 . 8 0 4 1 5 0 7 . 0 0 x 1 0 *
f r a c t i o n  o f  p h o t o r e a c t i v a b l e  l e s i o n s  w a s  t h e  same f o r  a l l  s t r a i n s ,  
t h a t  i s ,  t h e  r e d u c e d  e x t e n t  o f  PR s e e n  w i t h  DY326 w a s  n o t  due t o  
t h e  p r e s e n c e  o f  d i f f e r e n t ,  n o n - p h o t o r e a c t i v a b l e  l e s i o n s .  B e c a u s e  
many w o r k e r s  h a v e  f a i l e d  t o  show PRE a c t i v i t y  i n  phrB m u t a n t s ,  i t  
w a s  n e c e s s a r y  t o  c o n s i d e r  w h e t h e r  t h e  e f f e c t  s e e n  r e p r e s e n t e d  t r u e  
e n z y m a t i c  PR. As d i s c u s s e d  i n  t h e  I n t r o d u c t i o n  t o  t h i s  w o r k ,
J a g g e r  e t  a l . ( 1 9 6 9 )  sh o w ed  i n d i r e c t  PR i n  E . c o l i  B p h r . T h i s  w a s  
n o t  due t o  e n z y m a t i c  d i m e r - s p l i t t i n g ,  b u t  r a t h e r  t o  t h e  in d u c e d  
g r o w th  d e l a y  f a c i l i t a t i n g  d a r k  r e p a i r  p r o c e s s e s .  S i n c e  DY326 i s  
t o t a l l y  d a r k - r e p a i r - d e f i c i e n t ,  i t  w a s  u n l i k e l y  t h a t  t h e  i n c r e a s e  i n  
s u r v i v a l  c o u l d  b e  a t t r i b u t e d  t o  t h i s .  I t  c o u l d  a l s o  be a r g u e d  t h a t  
t h e  i n c r e a s e  i n  s u r v i v i n g  f r a c t i o n  o b s e r v e d  w i t h  U V - i r r a d i a t e d  
DY326 o n  e x p o s u r e  t o  p h o t o r e a c t i v a t i n g  l i g h t  c o u l d  be due t o  
" l e a k i n e s s "  o f  t h e  phrB m u t a t i o n .  H ow ever , t h e r e  w a s  n o  
p h o t o e n z y m a t i c  r e p a i r  o f  U V - in d u c e d  damage w i t h  AS46 ( F i g .  3 . 1 0 )  
w h ic h  i s  phrA phrB u v r  r e c  , i n d i c a t i n g  t h a t  b o t h  t h e  phrB and  
p u t a t i v e  phrA l o c i  may c o d e  f o r  p h o t o a c t i v e  p r o t e i n s .  S a n c a r  and  
R u p e r t  (1 9 7  9) h a v e  r e p o r t e d  a r e s i d u a l  PRE a c t i v i t y  i n  a p h r  m u ta n t  
o f  K -12  A B 1886 , w h ic h  s h e w s  m arked p h o t o r e a c t i v a t i o n  u n d er  t h e  
c o n d i t i o n s  u s e d  i n  t h i s  w o rk  ( d a t a  n o t  s h o w n ) .  When t h i s  m u t a t i o n  
w a s  t r a n s d u c e d  i n t o  t h e  phrA  b a c k g r o u n d  and s u b s e q u e n t l y  made 
r e c o m b i n a t i o n - d e f i c i e n t ,  t h e  p h o t o r e a c t i v a t i o n  e f f e c t  w a s  
s i g n i f i c a n t l y  r e d u c e d  b u t  n o t  a b o l i s h e d ,  s u g g e s t i n g  t h a t  t h e  phrA  
m u ta n t  b a c k g r o u n d  d o e s  a f f e c t  t h e  p h o t o r e a c t i v a t i o n  s t a t e  o f  t h e  
c e l l .  I t  m u st  be  n o t e d ,  h o w e v e r ,  t h a t  t h e  a p p a r e n t  a b o l i t i o n  o f  
PRE a c t i v i t y  i n  AS46 c o u l d  be due t o  a f o r t u i t o u s  r e d u c t i o n  i n  t h e  
a c t i v i t y  o f  a s l i g h t l y  l e a k y  phrB m u t a t i o n  t o  b e lc w  m e a s u r a b l e  
l e v e l s .  T h e s e  d a t a  do n o t  a b s o l u t e l y  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  
t h e  p h o t o r e a c t i v a t i o n  o b s e r v e d  w i t h  DY326 w a s  due t o  a p a r t i a l l y
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a c t i v e  phrB ( 5 0 - k D a )  p h o t o l y a s e  o r  t o  a n  unknown p h o t o l y a s e  from  a  
t h i r d  l o c u s ,  b u t  t h e y  do s t r o n g l y  i n d i c a t e  t h a t  a g e n e  i n  t h e  
r e g i o n  o f  t h e  p r o p o s e d  phrA  l o c u s  d o e s  h a v e  a  s i g n i f i c a n t  e f f e c t  on  
PRE a c t i v i t y .
As a r e s u l t  o f  t h e  d a t a  o b t a i n e d  w i t h  DY326 and AS46 b e i n g  
p o s s i b l y  i n d i c a t i v e  o f  t h e  p r e s e n c e  o f  tw o  p h o t o a c t i v e  p r o t e i n s  i n  
E.  c o l i  K - 1 2 ,  i t  w a s  o f  i n t e r e s t  t o  d e t e r m i n e  i f  t h e r e  w a s  any  
k i n e t i c  e v i d e n c e  s u p p o r t i n g  t h i s  h y p o t h e s i s  w i t h  s t r a i n s  AB2480 and  
A S 4 4 .  The ( 1 - P )  a n a l y s e s  o f  b o t h  s t r a i n s  ( F i g .  3 . 1 1 )  w e r e  
b i p h a s i c ;  AB2480 b e i n g  m a r k e d ly  m ore s o .  T hus f o r  b o t h  s t r a i n s ,  
t h e  r a t e  o f  r e p a i r  c a n  be d i v i d e d  i n t o  a n  i n i t i a l  f a s t  com ponent  
an d  a s l o w e r  c o m p o n e n t .  W ith  s t r a i n  A B 2 4 8 0 ,  a p p r o x i m a t e l y  50 p e r  
c e n t  o f  t h e  p h o t o r e v e r s i b l e  l e s i o n s  w e r e  r e p a i r e d  i n  t h e  f i r s t  
m i n u t e  o f  t r e a t m e n t  a t  t h e  f a s t  r a t e ,  w h e r e a s  w i t h  A S44,  
a p p r o x i m a t e l y  6 0 p e r  c e n t  o f  t h e  l e s i o n s  w e r e  r e p a i r e d  a t  t h e  f a s t  
r a t e  o v e r  a 5 m in u t e  p e r i o d ;  a l b e i t  a t  a r a t e  3 0  p e r  c e n t  t h a t  o f  
A B 2 4 8 0 .
J o h n s o n  and H a y n e s  ( 1 9 8 6 a )  h a v e  d e v e l o p e d  a new m ethod  f o r  
a n a l y s i n g  p h o t o r e a c t i v a t i o n  k i n e t i c s  and h a v e  u s e d  t h i s  a s  e v i d e n c e  
f o r  m u l t i p l e  DNA p h o t o l y a s e s  i n  t h e  y e a s t  _S. c e r e v i s l a e . As a  
c o m p a r i s o n  w i t h  t h e  ( 1 - P )  a n a l y s e s ,  a l l  t h e  p h o t o r e a c t i v a t i o n  d a t a  
h a v e  b e e n  f i t t e d  t o  t h i s  m o d e l .  I t  i s  a p p r o p r i a t e  t o  b r i e f l y  
d i s c u s s  t h e  t h e o r e t i c a l  b a s i s  f o r  t h i s  t r e a t m e n t .
3 . 3 . 2 . 1  L e t h a l  H i t  A n a l y s i s
The c e n t r a l  n o t i o n  o f  t h e  d a m a g e - r e p a i r  h y p o t h e s i s  i s  t h a t  t h e  
o b s e r v e d  e x p e r i m e n t a l  e n d - p o i n t  i s  d e a t h  ( o r  m u t a t i o n ) ,  r a t h e r  t h a n  
t h e  i n i t i a l  p h y s i c a l  ' h i t s ' ,  e v e n  th o u g h  t h e s e  a r e  t h e  c a u s a t i v e  
a g e n t s .  B i o c h e m i c a l  m o d i f i c a t i o n  o f  t h e  d a m a g e - in d u c e d  l e s i o n s  by
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r e p a i r  p r o c e s s e s  a b o l i s h e s  an y  s i m p l e  c o r r e l a t i o n s  b e t w e e n  t h e  
e x c i t a t i o n s  and t h e  f i n a l  o b s e r v e d  b i o l o g i c a l  e n d - p o i n t s .  J o h n s o n  
and H a y n e s  (1 9  86a )  s t a t e  t h a t  i t  i s  t h e s e  b i o l o g i c a l  e n d - p o i n t s  o r  
' l e t h a l  h i t s ' ,  d i s t r i b u t e d  r a n d o m ly  am ongst  t h e  i r r a d i a t e d  c e l l  
p o p u l a t i o n ,  t o  w h ic h  P o i s s o n  s t a t i s t i c s  s h o u l d  be  a p p l i e d .  The  
im p o r t a n t  q u a n t i t y  i n  d e t e r m i n i n g  w h e t h e r  o r  n o t  a  c e l l  s u r v i v e s  a 
r a d i a t i o n  i n s u l t  i s  t h e  number o f  l e t h a l  h i t s  i t  h a s  r e c e i v e d .  I f  
i t  r e c e i v e s  o n e  or  m ore  l e t h a l  h i t s ,  by d e f i n i t i o n  i t  i s  k i l l e d ;  
i f  i t  r e c e i v e s  z e r o  h i t s ,  i t  s u r v i v e s .  I f  t h e  a v e r a g e  number o f  
l e t h a l  h i t s  p e r  c e l l ,  o v e r  t h e  w h o l e  i r r a d i a t e d  p o p u l a t i o n ,  i s  
H ( x )  f o r  a r a d i a t i o n  f l u e n c e  x ,  t h e n  t h e  p r o b a b i l i t y  o f  r e c e i v i n g  
z e r o  h i t s  i s  e  . T h e r e f o r e ,  f o r  a f l u e n c e  x  t h e  p r o b a b i l i t y
o f  s u r v i v a l ( S ( x ) ) i s :
S ( x )  = e - H(X) . . . . 1
The q u a n t i t y  H( x )  w i l l  d e p e n d  o n :  i )  t h e  number, F ( x ) ,  o f  
i n i t i a l  p h y s i c a l  l e s i o n s  p e r  c e l l  in d u c e d  by t h e  r a d i a t i o n  f l u e n c e  
x ,  and i i )  t h e  e f f i c i e n c y  r ( x )  w i t h  w h ic h  t h e  in d u c e d  h i t s  a r e  
r e p a i r e d  by w h a t e v e r  r e p a i r  s y s t e m s  t h e  c e l l  p o s s e s s e s .  T h u s ,
H ( x ) = F ( x ) [ l - r ( x ) ]  . . . . 2
w h e r e  [ l - r ( x ) ]  i s  t h e  p r o b a b i l i t y  t h a t  a h i t  e s c a p e s  r e p a i r .  I f  
t h e  i n i t i a l  s u r v i v a l  i s  S ( o )  an d  t h e  s u r v i v a l  a f t e r  maximum
p h o t o r e p a i r  i s  S ( ° ° ) ,  t h e n  I n  [S °° /S o ]  = h ( o )  i s  t h e  number o f
l e t h a l  h i t s  r e p a i r e d  by p h o t o r e a c t i v a t i o n .  I f  p h o t o r e p a i r  h a s  
p r o g r e s s e d  o n l y  f o r  a t i m e  t  s o  t h a t  s u r v i v a l  S ( t )  i s  l e s s  t h a n
S ( » ) ,  t h e n  I n  [ S ° ° /S t ]  = h ( t )  i s  t h e  number o f  p h o t o r e p a i r  a b l e  h i t s
r e m a i n i n g .  As t  a p p r o a c h e s  i n f i n i t y ,  S ( t )  a p p r o a c h e s  S( and  
h ( t )  a p p r o a c h e s  I n  ( 1 ) = 0 .
CASE I
J o h n s o n  and H a y n e s  ( 1 9 8 6 a )  p r o p o s e  t h a t  i f  t h e r e  i s  j u s t  o n e  
t y p e  o f  p h o t o l y a s e  m o l e c u l e  p r e s e n t ,  and t h e  p r o b a b i l i t y  o f  
r e m o v a l  o f  a l e t h a l  h i t  p e r  u n i t  t im e  i s  OL, t h e n
h ( t )  = h ( o ) e " a t   3
or
l n [ S « / S t ]  = h ( o ) e  a t  . . . . 4
C a l c u l a t e d  v a l u e s  o f  l n [ S » / S t ]  a r e  made u s i n g  a n  e s t i m a t e d  
v a l u e  o f  S ( » )  ( i . e .  s u r v i v a l  a f t e r  l o n g  p e r i o d s  o f  p h o t o ­
r e a c t i v a t i n g  t r e a t m e n t )  an d  t h e  e x p e r i m e n t a l  v a l u e s  o f  S ( t ) .  I f  a 
s i n g l e  p h o t o l y a s e  i s  p r e s e n t ,  a p l o t  o f  l n ( l n [ S » / S t ]  ) a g a i n s t  t  
w i l l  l i e  on  a s t r a i g h t  l i n e  w i t h  v e r t i c a l  i n t e r c e p t  h ( o )  and s l o p e  
= ( -  a ) .
CASE I I
I f  m ore t h a n  o n e  t y p e  o f  p h o t o l y a s e  i s  p r e s e n t ,  a  p l o t  o f  
l n ( l n t S ^ / S t ]  ) a g a i n s t  t  w i l l  n o t  g i v e  a s t r a i g h t  l i n e .  I f  t h e  
number o f  p h o t o l y a s e  t y p e s  i s  2 , one w i t h  an  a s s o c i a t e d  c o n s t a n t  
r e p a i r  p r o b a b i l i t y  p e r  u n i t  t i m e  c^, t h e  o t h e r  a ( l e t a ^  > a , 
t h e n ,
h ( t )  = h ( o ) e  + h ( o ) e  t
I n  t h i s  i n s t a n c e ,  a p l o t  o f  I n  ( h ) t )  a g a i n s t  t  w i l l  e x h i b i t  an
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i n i t i a l  p a r t  w i t h  a s t e e p e r  s l o p e  t h a n  t h e  l a t t e r  p a r t ,  w h ic h  
s h o u l d  be  l i n e a r .  The i n i t i a l  p a r t  o f  t h e  c u r v e  i s ,
hx ( o ) e  ^  + h2 ( o ) e  CX2 t
- a  t
b u t  s i n c e  a ^ i s  g r e a t e r  t h a n  a  2 , h ^ ( o ) e  1 a p p r o a c h e s  z e r o  m ore
-  a t
r a p i d l y  t h a n  h2 ( o ) e  2 , s o  t h e  l a t t e r  p a r t  j u s t  r e p r e s e n t s  
— a t
h 2 ( o ) e  2 . By r e g r e s s i n g  t h i s  l a t t e r  l i n e a r  p o r t i o n ,  t h e  
c o n s t a n t s  h 2 ( o )  a ^d c a n  b e  e s t i m a t e d .  T h e r e f o r e ,  a  new p l o t  c a n  
b e c o n s t r u c t e d  fro m :
—a t  - a  t
h fc -  h2 ( o ) e  2 = h^ ( o ) e  1
a l l o w i n g  d e t e r m i n a t i o n  o f  t h e  c o n s t a n t s  h ^ ( o )  and  a ^ .  I f  t h i s  p l o t
d o e s  n o t  g i v e  a s t r a i g h t  l i n e  t h e n  t h e r e  may be a n o t h e r  com p on en t
t o  be  e x t r a c t e d .  H cw ev er ,  t h i s  m eth o d  i s  u n l i k e l y  t o  g i v e
s a t i s f a c t o r y  r e s u l t s  f o r  m ore  t h a n  t h r e e  c o m p o n e n e t s  ( R. G.  J o h n s o n ,
p e r s o n a l  c o m m u n i c a t i o n ) .
The p h o t o r e a c t i v a t i o n  d a t a  show n i n  F i g .  3 . 1 0  h a v e  b e e n
p l o t t e d  i n  t h i s  form  and a r e  shew n i n  F i g .  3 . 1 2 .  The d a t a
p e r t a i n i n g  t o  t h e s e  a n a l y s e s  a r e  i n c l u d e d  i n  T a b l e s  A 4 . 1 9 - 2 1 .  The
c a l c u l a t e d  v a l u e s  f o r  t h e  s l o p e s  (a ^  and ct2 ) ,  d e t e r m in e d  by l i n e a r
r e g r e s s i o n  a n a l y s i s  a r e  i n c l u d e d  i n  T a b l e  3 . 6  (m arked  * ) ,  t o g e t h e r
w i t h  s i m i l a r  v a l u e s  from  r e p l i c a t e  e x p e r i m e n t s .  The i n t e r c e p t
v a l u e s  (Ho)  h a v e  n o t  b e e n  i n c l u d e d  b e c a u s e  t h e i r  a b s o l u t e  v a l u e
v a r i e s  d e p e n d in g  o n  t h e  i n i t i a l  s u r v i v a l  a f t e r  254  nm i n a c t i v a t i o n ,
t h u s  p r o d u c i n g  a s e t  o f  ' p a r a l l e l '  p l o t s .  I n  t h i s  s e r i e s  o f
e x p e r i m e n t s ,  t h e  s u r v iv a i l  a f t e r  254  nm UV i n a c t i v a t i o n  v a r i e d  
- 5  - 4
b e t w e e n  6 x  10  and 2 x  10  , due t o  t h e  i n h e r e n t  v a r i a t i o n  i n
5 . C *
1.0-P
0 .  5
2 6 84 10 12 16
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Fig. 3.12. Lethal hit analysis of photoreactivation at 25°C of AB2480 (Panel A), AS44 (Panel B) and DY326 
(Panel C) (closed symbols) and after subtraction of slow component (open symbols)
T a b le  3 .6  PHOTOREACTIVATION RATE ANALYSIS OF 254 nm
IRRADIATED A B 2480 , AS44 AND DY326 AT 25-^C
AFTER AEROBIC GROWTH.
EXPT — 1 _ 1
STRAIN
1
•0z a  (m in  ) a2 (m in  )
19 a - 0 . 9 0 7 * - 0 . 1 7  9*
AB24 80 19 b - 1 . 0 6 0 - 0 . 1 2 9
1 9 c - 1 . 1 4 - 0 . 1 9  8
MEAN - 1 . 0 3 6 + 0 . 1 1 8 0 . 1 6 7 + 0 . 0 3 6
20a - 0 . 6 3 5 * - 0 . 0 8 6 *
AS44 20b - 0 . 5 9 5 - 0 . 0 8 6
20c - 0 . 6 0 8 - 0 . 0 8 8
MEAN - 0 . 6 1 3 + 0 . 0 2 1 - 0 . 0 7  8 7 + 0 .0 1 0 4
21a - - 0 . 0 3  6 5*
DY362 21b - - 0 . 0 4 0 6
21c - - 0 . 0 4 6  3
21d - 0 . 0 3 7 0
MEAN - 0 . 0 4 0 1 + 0 . 0 4 5
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f l u e n c e  d e l i v e r e d  from  t h e  e l e c t r o n i c  s h u t t e r  a s s e m b l y .  I t  s h o u l d  
b e  n o t e d  t h a t  J o h n s o n  and H a y n e s  ( 1 9 8 6 b )  h a v e  r e p o r t e d  a d e c r e a s e  
i n  t h e  p h o t o r e p a i r  p r o b a b i l i t y  ( a  ) w i t h  i n c r e a s i n g  254 nm-UV 
f l u e n c e  u s i n g  a d i p l o i d  s t r a i n  o f  £5. c e r e v i s l a e . T he r e p a i r  
p r o b a b i l i t y  a f t e r  3 - l o g - c y c l e  i n a c t i v a t i o n  w a s  7 8 p e r  c e n t  t h a t  
a f t e r  1 l o g - c y c l e  i n a c t i v a t i o n .  The a u t h o r s  s u g g e s t e d  t h a t  t h i s  
may be a t t r i b u t a b l e  t o  i )  g r e a t e r  c o m p e t i t i o n  f o r  r e p a i r  en zy m es  i n  
c e l l s  w h ic h  h a v e  g r e a t e r  num bers o f  l e s i o n s  due t o  l a r g e r  r a d i a t i o n
f l u e n c e s  o r  i i )  i n a c t i v a t i o n  o f  t h e  r e p a i r  s y s t e m s  by  t h e
r a d i a t i o n .  I n  t h i s  s t u d y ,  no s u c h  c o r r e l a t i o n  w a s  f o u n d ,
s u g g e s t i n g  t h a t  t h e r e  w a s  e i t h e r  no  s i g n i f i c a n t  v a r i a t i o n  i n  r e p a i r
p r o b a b i l i t y  o v e r  t h e  f l u e n c e  r a n g e  i n v e s t i g a t e d ,  or  t h a t  any  
d i f f e r e n c e s  w e r e  subsum ed w i t h i n  e x p e r i m e n t a l  e r r o r .  T h e r e f o r e ,  i t  
w a s  j u s t i f i a b l e  t o  draw c o m p a r i s o n s  b e t w e e n  t h e  s t r a i n s  o n  t h e  
b a s i s  o f  t h e  mean r e p a i r  p r o b a b i l i t i e s  ( a ) .  R e f e r e n c e  t o  F i g s .
3 . 1 1  and 3 . 1 2  and T a b l e  3 . 6  i n d i c a t e s  t h a t  b o t h  s t r a i n s  AB2480 and  
AS44 e x h i b i t  b i p h a s i c  k i n e t i c s ,  w i t h  t h e  s l c w e r  r a t e  b e i n g  r e a c h e d  
a f t e r  f o u r  t o  s i x  m i n u t e s .
The r a t e  c o n s t a n t s  and ct^ o f  AS44 w e r e  6 0 and 47 p e r  c e n t  
t h o s e  o f  AB24 8 0 .  T h e s e  d a t a  may be  t a k e n  a s  i n d i c a t i v e  o f  t h e  
a c t i o n  o f  tw o  p h o t o l y a s e  m o l e c u l e s  p r e s e n t  i n  b o t h  s t r a i n s  o r  t h a t  
a s i n g l e  p h o t o l y a s e  m o l e c u l e  h a s  t w o  r e p a i r  c a p a c i t i e s .  A f u l l  
c o n s i d e r a t i o n  o f  t h e s e  p o s s i b i l i t i e s  w i l l  b e  g i v e n  a f t e r  
p r e s e n t a t i o n  o f  t h e  g r o w th  t e m p e r a t u r e  d a t a  ( S e c t i o n  3 . 6 . 2 )  and  
a c e t o p h e n o n e - s e n s i t i z e d  313nm d a t a  ( S e c t i o n  3 . 7 ) .  H cw ev er ,  i t  c a n  
b e n o t e d  a t  t h i s  j u n c t u r e  t h a t  s i n c e  AS44 i s  d e l e t e d  a t  t h e  
p r o p o s e d  phrA  l o c u s ,  any m o d e l  i n v o l v i n g  a s e c o n d  p h o t o l y a s e  
m o l e c u l e  i n  t h i s  s t r a i n  w o u ld  i m p l i c a t e  t h e  e x i s t e n c e  o f  a t h i r d  
unknow n p h o t o r e a c t i v a t i o n  l o c u s .  A s s u m in g  t h a t  t h e  phrA l o c u s
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c o d e s  f o r  a p h o t o l y a s e  m o l e c u l e ,  I t  w o u ld  t h e n  be n e c e s s a r y  t o
r a i s e  t h e  d e b a t e  o f  a t h i r d  p h o t o l y a s e  m o l e c u l e  i n  A B 2480 . T h e r e  i s
n o  e v i d e n c e  f r a n  t h e  k i n e t i c  a n a l y s i s  p r e s e n t e d  i n  t h i s  r e p o r t  t o
s u p p o r t  s u c h  a s u g g e s t i o n .  I t  i s  n o t  i n c o n c e i v a b l e  t h a t  a  s i n g l e
p h o t o l y a s e  m o l e c u l e  c o u l d  c o m p le x  w i t h  d i f f e r e n t  p h o t o p r o d u c t s  s u c h
a s  T -T ,  C-T and C-C d i m e r s ,  t o  form  e n z y m e - s u b s t r a t e  c o m p l e x e s
w h i c h  a b s o r b  p h o t o r e a c t i v a t i n g  l i g h t  w i t h  d i f f e r e n t  c r o s s - s e c t i o n s ,
r e s u l t i n g  i n  d i f f e r e n t  r a t e s  o f  rem ova l o f  t h e s e  l e s i o n s .  H cw e v e r ,
- 2
t h e  r a t i o  o f  d im e r  p r o d u c t s  ( a f t e r  a p p r o x i m a t e l y  4 0 0  Jm o f  254  nm 
UV r a d i a t i o n )  p u b l i s h e d  by E l l i s o n  and C h i l d s  ( 1 9 8 1 )  o f  T -T :C -T :C -C  
b e i n g  1 : 0 . 8 : 0 . 3 ,  d o e s  n o t  p r o v i d e  a r e a d y  i n t e r p r e t a t i o n  f o r  t h i s  
s u g g e s t i o n .
S t r a i n  DY326 e x h i b i t e d  o n e  r e p a i r  c o n s t a n t  ( T a b l e  3 . 6 ) ,  t h e  
m a g n i t u d e  o f  w h ic h  w a s  5 1  p e r  c e n t  and 24 p e r  c e n t  o f  t h e  s lo w  r a t e  
c o n s t a n t  a o f  AS44 and A B 2480 , r e s p e c t i v e l y .  T h i s  s h o u l d  be  
c o n t r a s t e d  w i t h  t h e  a p p r o x i m a t e l y  100- f o l d  l c w e r  r a t e  d e r i v e d  from  
t h e  ( 1 - P )  a n a l y s i s  ( T a b l e  3 . 4 ) ,  h o w e v e r ,  a t t e n t i o n  s h o u l d  be  draw n  
t o  t h e  d i f f e r e n t  a s s u m p t i o n s  a s s o c i a t e d  w i t h  e a c h  a n a l y s i s .  As  
d i s c u s s e d  p r e v i o u s l y ,  t h e  ( 1 - P )  a n a l y s i s  f o r  DY326 a s s u m e s  t h a t  t h e  
U V - in d u c e d  l e s i o n s  a r e  n o t  m e c h a n i s t i c a l l y  d i f f e r e n t  from  t h o s e  
in d u c e d  i n  e i t h e r  AB2480 an d  A S 4 4 ,  and i t  t h u s  s h a r e s  t h e  same  
t h e o r e t i c a l  p h o t o r e a c t i v a t i o n  s e c t o r  ( 0 . 8 2 ) ,  w h e r e a s  t h e  ' l e t h a l  
h i t '  a n a l y s i s  m e a s u r e s  t h e  r a t e  o f  r e p a i r  o f  t h e  e x p e r i m e n t a l l y  
d e t e r m i n e d  p h o t o r e p a i r a b l e  l e t h a l  h i t s .  T aken  a l o n e ,  t h e  d a t a  f o r  
DY326 s u g g e s t  t h e  a c t i o n  o f  o n e  p h o t o l y a s e  m o l e c u l e ,  w h ic h  may be  
a t t r i b u t a b l e  t o  e i t h e r  t h e  phrA or  phrB l o c i ,  or  p e r h a p s  t o  a t h i r d  
unknown l o c u s .  H cw e v e r ,  w hen  c o n s i d e r i n g  t h e  d a t a  p e r t a i n i n g  t o  
a l l  t h r e e  s t r a i n s  i t  w o u ld  seem  m o st  l i k e l y  t h a t  t h e  p h o t o l y a s e  
a c t i v i t y  o b s e r v e d  i n  DY326 i s  t h e  r e s u l t  o f  p a r t i a l
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p h o t o r e a c t i v a t i n g  a c t i v i t y  o f  t h e  m u ta n t  phrB g e n e  p r o d u c t  o r  from  
a t h i r d  l o c u s .  F u r t h e r m o r e ,  i t  c a n  be a r g u e d  t h a t  t h e  p r o d u c t  o f  
t h e  p u t a t i v e  phrA g e n e  f u n c t i o n s  a s  an  a c t i v a t o r  o f  t h e  phrB g e n e  
p r o d u c t ,  r e s u l t i n g  i n  a n  a p p r o x i m a t e l y  2- f o l d  I n c r e a s e  i n  t h e  tw o  
r a t e  c o n s t a n t s ,  and a i n  a g r e e m e n t  w i t h  t lhe  h y p o t h e s i s  
p r o p o s e d  by S u t h e r l a n d  a n d  H a u s r a t h  ( 1 9 7 9 ) .
3 . 4 .  The D e p e n d e n c e  o f  P h o t o e n z y m a t i c  R e p a i r  o n  T e m p e r a tu r e
The e f f e c t  o f  t e m p e r a t u r e  o n  t h e  v e l o c i t y  o f  enzym e r e a c t i o n s  
may be due t o  s e v e r a l  d i f f e r e n t  c a u s e s .  I t  m ay be due t o  a n  e f f e c t  
o n  t h e  s t a b i l i t y  o f  t h e  en zy m e;  t o  a n  e f f e c t  o n  t h e  en z y m e -  
s u b s t r a t e  a f f i n i t y  ( i . e .  o n  k^ and i n  t h e  PR r e a c t i o n  s c h e m e ) ;  
t o  a n  e f f e c t  o n  t h e  a f f i n i t y  o f  t h e  enzym e f o r  a c t i v a t o r s  o r  
i n h i b i t o r s ;  t o  a t r a n s f e r  o f  r a t e - l i m i t i n g  f u n c t i o n  from  o n e  enzym e  
t o  a n o t h e r ,  i n  a s y s t e m  i n v o l v i n g  tw o  o r  m ore e n z y m e s  w i t h  
d i f f e r e n t  t e m p e r a t u r e  c o e f f i c i e n t s ;  o r  e v e n  t o  s u c h  s u b s i d i a r y  
c a u s e s  a s  a  c h a n g e  i n  c o n c e n t r a t i o n  o f  d i s s o l v e d  O^, p e r h a p s  
r e s u l t i n g  i n  a l t e r a t i o n  o f  t h e  r e d o x  s t a t e  o f  t h e  c e l l .
Any o n e  o f  t h e s e  f a c t o r s  c o u l d  h a v e  a s i g n i f i c a n t  e f f e c t  o n  
t h e  r a t e  o f  p h o t o r e a c t i v a t i o n  i n  IS. c o l i , and s o  i t  w a s  f e l t  
w o r t h w h i l e  t o  i n v e s t i g a t e  t h e  d e p e n d e n c e  o f  PR o n  t e m p e r a t u r e  i n  
AS44 and DY326 and c o m p a r e  t h e  r e s u l t s  w i t h  t h o s e  p u b l i s h e d  f o r  
A B 2480.
o
C e l l s  grcw n  a t  37 C w e r e  h a r v e s t e d  i n  t h e  u s u a l  manner and
o  - 4
i r r a d i a t e d  a t  25  C t o  1 x  1 0  s u r v i v i n g  f r a c t i o n  w i t h
- 2
a p p r o x i m a t e l y  0 . 5  Jm o f  2 5 4  nm UV. The c e l l s  w e r e  h e l d  i n  t h e  
d a r k  f o r  2 0  m i n u t e s  t o  a l l c w  m ax im al c o m p l e x a t i o n  o f  t h e  PRE w i t h  
i t s  d im e r  s u b s t r a t e ,  b e f o r e  b e i n g  e q u i l i b r a t e d  t o  t h e  e x p e r i m e n t a l  
t e m p e r a t u r e  f o r  a f u r t h e r  5 m i n u t e s .  The t e m p e r a t u r e s  u s e d  w e r e
160
o
1 5 . 0 ,  2 0 . 1 ,  2 5 . 3 ,  3 0 . 1 ,  and 3 6 . 9  C. C o n s i d e r a t i o n  w a s  g i v e n  t o  t h e
l i k e l y  e f f e c t  o f  [E S] c o m p l e x  d i s s o c i a t i o n  d u r i n g  t h e  t e m p e r a t u r e
e q u i l i b r a t i o n  p e r i o d ,  p a r t i c u l a r l y  a t  t h e  l o w e s t  t e m p e r a t u r e  u s e d .
H c w e v e r ,  p u b l i s h e d  e s t i m a t e s  o f  t h e  d i s s o c i a t i o n  r a t e  c o n s t a n t  ijn
- 2  - 3  - 1
v i v o  r a n g e  from  1 0  t o  1 0  s  (Harm e t  a l . ,  1 9 7 1 ) ,  s u g g e s t i n g
t h a t  t h e  c o m p le x  i s  v e r y  s t a b l e  i n  t h e  d a r k ,  h a v i n g  a o f  
8
a p p r o x i m a t e l y  1 0  . To f u r t h e r  s u p p o r t  t h i s  c o n c l u s i o n ,  t h e  ( 1 - P )  
v a l u e s  o f  t h e  s i n g l e  f l a s h  r e c o v e r y  a l o n e  o f  AS44 a t  e a c h  
t e m p e r a t u r e  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  h a v i n g  a mean o f  
0 . 7 6 9  ±  0 . 0 5 7 .
As i n  p r e v i o u s  e x p e r i m e n t s ,  a s i n g l e  f l a s h  w a s  g i v e n  a t  t h e  
com m encem ent o f  e x p o s u r e  t o  c o n t i n u o u s  p h o t o r e a c t i v a t i n g  l i g h t .  A t  
e a c h  t e m p e r a t u r e ,  t h e  s u r v i v a l  o f  u n i r r a d i a t e d  c e l l s  e x p o s e d  t o  
p h o t o r e a c t i v a t i n g  l i g h t  d i d  n o t  f a l l  b e l c w  0 . 8 5 ,  nor  w a s  t h e r e  any  
c h a n g e  i n  t h e  s u r v i v i n g  f r a c t i o n  o f  i r r a d i a t e d  c e l l s  h e l d  i n  t h e  
d a r k  ( d a t a  n o t  s h e w n ) .  T he  p h o t o r e a c t i v a t i o n  d a t a  f o r  AS44 a t  
t h r e e  t e m p e r a t u r e s  a r e  sh ew n  i n  F i g .  3 . 1 3  and t h e  ( 1 - P )  a n a l y s e s  o f  
t h e  d a t a  o b t a i n e d  a t  t h e  f i v e  t e m p e r a t u r e s  f o r  b o t h  AS44 and DY326 
a r e  i n c l u d e d  i n  F i g .  3 . 1 4 .  T he d a t a  p e r t a i n i n g  t o  t h e s e  a n a l y s e s  
a r e  i n c l u d e d  i n  T a b l e s  A 4 . 2 2 - 2 3 .  The s l o p e s  o f  t h e s e  p l o t s ,  
d e t e r m i n e d  by  l i n e a r  r e g r e s s i o n  a n a l y s i s ,  h a v e  b e e n  f i t t e d  t o  t h e  
A r r h e n i u s  r e l a t i o n s h i p ,  and a r e  show n i n  t h i s  form  i n  F i g .  3 . 1 5 .
W here t h e  ( 1 - P )  p l o t s  show n a n  i n i t i a l  f a s t  r a t e  o f  r e p a i r  
d e c r e a s i n g  t o  a s l c w e r  r a t e ,  t h e  s l o p e  h a s  b e e n  c a l c u l a t e d  o n  t h e  
b a s i s  o f  t h e  t i m e  r e q u i r e d  f o r  t h e  f r a c t i o n  o f  p h o t o r e p a i r a b l e  
l e s i o n s  t o  f a l l  t o  7 0  and  9 0  p e r  c e n t  f o r  AS44 and DY326,  
r e s p e c t i v e l y .  The A r r h e n i u s  r e l a t i o n s h i p  b e t w e e n  t h e  r a t e  c o n s t a n t  
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Fig. 3.13. Photoreactivation of 254 nm inactivated AS44 at
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Fig. 3.14. 1-P analysis of the rate of photoreactivation of
DY326 (Panel A) and AS44 (panel B) at 15.0 (•), 20.1 (©),
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Fig. 3.15. Arrhenius plots illustrating the temperature- 
dependence of the photoreactivation rate (k^ ) for AS44 (•) 
and DY326 (■).
. _ -E a /R Tk = A. e
w h e r e  A = f r e q u e n c y  f a c t o r  ( s
R = g a s  c o n s t a n t  ( 8 . 3 1 4  k J . K  ^ . m o l e  “S
Ea = a c t i v a t i o n  e n e r g y  ( k J . m o l e  "S
k = s p e c i f i c  r e a c t i o n  r a t e
T = a b s o l u t e  t e m p e r a t u r e  (K)
T he a c t i v a t i o n  e n e r g y ,  c a l c u l a t e d  from  t h e  g r a d i e n t  w a s  fo u n d  
t o  b e  3 8 . 4  and 55 k J .m o l  ^ f o r  AS44 and D Y 326, r e s p e c t i v e l y .  The
3
c a l c u l a t e d  f r e q u e n c y  f a c t o r s  (A ) f o r  AS44 and DY326 w e r e  8 . 0  x  1 0  
5 - 1
and 1 . 7  x  1 0  s e c  , r e s p e c t i v e l y .  The a c t i v a t i o n  e n e r g i e s  com p are
w i t h  9 . 0  k c a l . m o l  ^ ( 3 5 . 5  k J . m o l e  “S  f o r  AB2480 ( T y r r e l l  and
D a v i e s ,  1 9 7 4 )  and 1 1 . 0  k c a l . m o l  ^ ( 4 5 . 8 9  k J . m o l e  f o r  E.  c o l i
B , (Harm e t  a l . ,  1 9 7 1 ) .  I t  w i l l  b e  n o t e d  t h a t  AS44 d o e s  n o t  s -1
d i f f e r  s i g n i f i c a n t l y  from  A B2480 w i t h  r e s p e c t  t o  a c t i v a t i o n  e n e r g y ,  
and s o  t h e  d e c r e a s e d  r a t e  o f  p h o t o r e p a i r  o b s e r v e d  w i t h  AS44 c a n n o t  
b e  a t t r i b u t e d  t o  a p o p u l a t i o n  o f  p h o t o l y a s e  m o l e c u l e s  fr c m  w h ic h  
o n l y  a s m a l l  p r o p o r t i o n  h a v e  s u f f i c i e n t  e n e r g y  t o  u n d e r g o  a 
f r u i t f u l  c o l l i s i o n .  H cw ever  t h e  f r e q u e n c y  f a c t o r  (A) w a s  o n l y  27 
p e r  c e n t  o f  t h e  f i g u r e  r e p o r t e d  by T y r r e l l  ( 1 9 7 1 )  f o r  AB24 8 0 ,  
s u g g e s t i n g  t h a t  t h e  r a t e  o f  r e p a i r  may be l i m i t e d  by c o l l i s i o n  
f r e q u e n c y .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  r e l a t i v e  f r e q u e n c y  
f a c t o r s  p a r a l l e l e d  t h e  r e l a t i v e  r a t e  o f  r e p a i r  _in v i v o .
The a c t i v a t i o n  e n e r g y  c a l c u l a t e d  f o r  DY326 w as s i g n i f i c a n t l y  
h i g h e r  t h a n  o t h e r  p u b l i s h e d  v a l u e s .  T h i s  w o u ld  s u g g e s t  t h a t  t h e  
l a r g e r  e n t h a l p y  a s s o c i a t e d  w i t h  c o m p le x  f o r m a t i o n  may r e f l e c t  a 
g r e a t e r  d e g r e e  o f  ' s t r e t c h i n g  a n d  s q u e e z i n g '  o f  t h e  PRE m o l e c u l e  i n  
o r d e r  t o  a c h i e v e  t h e  e n z y m e - s u b s t r a t e  t r a n s i t i o n - s t a t e ,  r a t h e r  t h a n
t o  c h a n g e s  i n  t h e  c e l l u l a r  m i l i e u  a f f e c t i n g  t h e  a b i l i t y  o f  t h e  
enzym e t o  m ove b e t w e e n  s u b s t r a t e  m o i e t i e s ;  t h e  l a t t e r  w o u ld  be  
p r e su m e d  t o  be i n d e p e n d e n t  o f  t h e  s t r a i n s  p h r  p h e n o t y p e .  The  
o v e r a l l  r e s u l t  o f  t h e  g r e a t e r  e n e r g y  o f  a c t i v a t i o n  w o u ld  be t o  
d e c r e a s e  t h e  p r o p o r t i o n  o f  PRE m o l e c u l e s  w h ic h  h a v e  s u f f i c i e n t  
e n e r g y  t o  form  t h e  t r a n s i t i o n  s t a t e .  The f r e q u e n c y  f a c t o r  o b t a i n e d  
f o r  DY326 w a s  a p p r o x i m a t e l y  5 0 1 0 0 - f o l d  g r e a t e r  t h a n  t h a t  o b t a i n e d  
f o r  e i t h e r  AS44 o r  AB24 8 0 .  I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  
e x p e r i m e n t a l l y  d e t e r m i n e d  v a l u e  f o r  t h e  f r e q u e n c y  f a c t o r  d o e s  n o t  
n e c e s s a r i l y  c o r r e s p o n d  w i t h  t h e  c a l c u l a t e d  v a l u e s  b a s e d  o n  
t h e o r e t i c a l  c o l l i s i o n  f r e q u e c i e s .  For e x a m p le ,  i n  a l m o s t  a l l  
c h e m i c a l  r e a c t i o n s ,  t h e  m o l e c u l e s  w h ic h  c o l l i d e  m u st  do s o  w i t h  t h e  
c o r r e c t  a l i g n m e n t  o r  o r i e n t a t i o n  t o  e a c h  o t h e r ,  w i t h  t h e  r e s u l t  
t h a t  many r e a c t i o n s  a r e  c o n t r o l l e d  by s e v e r e  s t e r i c  r e q u i r e m e n t s .  
Thus i t  c o u l d  be a r g u e d  t h a t  t h e  f r e q u e n c y  f a c t o r  m e a s u r e d  w i t h  
DY326 m ore c l o s e l y  a p p r o a c h e s  t h e  t h e o r e t i c a l  maximum, b u t  t h a t  t h e  
e n z y m e - s u b s t r a t e  c o m p le x  i s  i n  s u c h  a s t e r i c  o r i e n t a t i o n  t h a t  i t  
h a s  a lo w  p h o t o r e a c t i v a t i o n  c r o s s - s e c t i o n ,  w h e r e a s  w i t h  AS44 and  
AB24 8 0 ,  t h e  p h o t o l y a s e  m o l e c u l e s  h a v e  s t r i c t e r  s t e r i c  r e q u i r e m e n t s ,  
b u t  w h ic h  n e v e r - t h e - l e s s  r e s u l t s  i n  an  e n z y m e - s u b s t r a t e  c o m p le x  
h a v i n g  a h i g h  p h o t o r e a c t i v a t i o n  c r o s s - s e c t i o n .  The p h o t o ­
r e a c t i v a t i o n  d a t a  o f  AS44 h a v e  a l s o  b e e n  a n a l y s e d  by t h e  
’ l e t h a l - h i t '  m o d e l  o f  J o h n s o n  and H a y n e s  (1 9  86a ) ,  and t h e  tw o  
r e p a i r  p r o b a b i l i t y  c o n s t a n t s  and f i t t e d  t o  t h e  A r r h e n i u s  
r e l a t i o n s h i p  ( F i g .  3 . 1 6 ) .  The d a t a  p e r t a i n i n g  t o  t h e s e  a n a l y s e s  
a r e  shown i n  T a b l e  A 4 . 2 2 .  A r e g r e s s i o n  a n a l y s i s  o f  a l l  t h e  d a t a  
p o i n t s  f o r  e a c h  p l o t  r e s u l t e d  i n  a c t i v a t i o n  e n e r g i e s  o f  5 3 . 2  and
4 1 . 0  k J .m o l e  ^ f o r  and cx ,^ r e s p e c t i v e l y .  V i s u a l  i n s p e c t i o n  o f  
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Fig. 3.16. Arrhenius plots illustrating the temperature- 
dependence of the photorepair probabilities derived from 
lethal hit analysis for AS44 ►
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t r a n s i t i o n  t e m p e r a t u r e  a t  a p p r o x i m a t e l y  25  C. S e v e r e d  e x p l a n a t i o n s  
h a v e  b e e n  p u t  f o r w a r d  t o  a c c o u n t  f o r  b i p h a s i c  A r r h e n i u s  p l o t s ,  
i n c l u d i n g  t h e  p o s s i b i l i t y  t h a t  an  enzym e may h a v e  tw o  a c t i v e  
c e n t r e s  w i t h  d i f f e r e n t  t e m p e r a t u r e  c o e f f i c i e n t s ,  s u c h  t h a t  t h e  r a t e  
o f  t h e  r e a c t i o n  w i t h  t h e  h i g h e r  c o e f f i c i e n t  i n c r e a s e s  m ore  r a p i d l y  
w i t h  t e m p e r a t u r e  t h a n  t h e  o t h e r ,  and t h e r e f o r e  t h i s  r e a c t i o n  
p r e d o m i n a t e s  a t  h i g h e r  t e m p e r a t u r e s .  The r e s u l t i n g  A r r h e n i u s  p l o t  
s h o u l d  c o n c a v e  u p w a r d s .  S i m i l a r l y ,  i f  t h e  enzym e e x i s t s  i n  tw o  
f o r m s  i n  e q u i l i b r i u m  w i t h  o n e  a n o t h e r ,  b o t h  f o r m s  b e i n g  a c t i v e  b u t  
h a v i n g  d i f f e r e n t  a c t i v a t i o n  e n e r g i e s ,  and i f  t h e  e f f e c t  o f  
t e m p e r a t u r e  o n  t h e  c h a n g e  from  on e  form  t o  t h e  o t h e r  i s  l a r g e ,  t h e n  
a s h a r p  d i s c o n t i n u i t y  i n  t h e  A r r h e n i u s  p l o t  w i l l  be  o b s e r v e d .
H c w e v e r ,  s u c h  e x p l a n a t i o n s  m u s t  r e m a in  h i g h l y  s p e c u l a t i v e  u n t i l  
m ore d a t a  p o i n t s  c a n  be  a d d ed  t o  t h e  A r r h e n i u s  p l o t s .  I t  s h o u l d  b e  
n o t e d  t h a t  a t - t e s t  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t  r f o r  e a c h  p l o t  
y i e l d e d  v a l u e s  o f  5 . 2 6  and 4 . 6  8 w i t h  3 d e g r e e s  o f  f r e e d o m  f o r  
and <*2 * r e s p e c t i v e l y .  The p r o b a b i l i t y  t h a t  t  i s  e q u a l  t o ,  or  
l a r g e r  t h a n  4 . 6 8  o r  5 . 2 6  i s  b e t w e e n  0 . 0 0 5  and 0 . 0 1 ,  i n d i c a t i n g  t h a t  
t h e r e  w a s  a s t a t i s t i c a l l y  s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p  b e t w e e n  
t h e  e x p e r i m e n t a l  d a t a  p o i n t s .
3 . 5 .  The D e p e n d e n c e  o f  P h o t o e n z y m a t i c  R e p a i r  on  t h e
W a v e le n g t h  o f  P h o t o r e a c t i v a t i n g  L i g h t
H a v in g  e s t a b l i s h e d  a p h o t o r e a c t i v a b l e  r e s p o n s e  i n  254 nm 
U V - i r r a d i a t e d  D Y 326 , w h ic h  w a s  a p p a r e n t l y  e n z y m a t ic  i n  n a t u r e  
( b a s e d  o n  t h e  t e m p e r a t u r e - d e p e n d e n c e ) ,  i t  w a s  c o n s i d e r e d  w o r t h w h i l e  
t o  d e t e r m i n e  t h e  w a v e l e n g t h - d e p e n d e n c e  o f  t h e  r e a c t i o n  f o r  t h i s
s t r a i n  and c o m p a r e  i t  w i t h  AB2480 and A S 4 4 .
o  —4
C e l l  s u s p e n s i o n s  grow n  a t  37 C w e r e  r e d u c e d  t o  a b o u t  1 x  1 0
- 2
s u r v i v i n g  f r a c t i o n  w i t h  0 . 5  Jm o f  254 ran UV r a d i a t i o n ,  h e l d  a t  
o
25  C f o r  2 0  m i n u t e s  and  t h e n  e x p o s e d  t o  m o n o c h r o m a t ic  l i g h t  a t  
o
25  C. The f l u e n c e  r a t e  u s e d  a t  e a c h  w a v e l e n g t h  w a s  b e lo w
s a t u r a t i n g  i r r a d i a n c e  c o n d i t i o n s  and quantum c o r r e c t e d  s u c h  t h a t
t h e  number o f  q u a n t a  p e r  u n i t  t i m e  w a s  t h e  sam e. The a c t u a l
14
quantum  r a t e  u s e d  w a s  2 . 8 8 5  x  1 0  p h o t o n s  p e r  s e c o n d ,  e q u i v a l e n t
- 2
t o  a f l u e n c e  r a t e  o f  1 . 6  Wm a t  3 6 0  ran. T h e r e f o r e ,  t h e  r a t e  o f  
p h o t o l y s i s  u n d er  c o n d i t i o n s  o f  l i m i t i n g  l i g h t  a t  a  g i v e n  w a v e l e n g t h  
i s  a m e a s u r e  o f  t h e  e f f i c i e n c y  w i t h  w h ic h  an a b s o r b e d  p h o t o n  c a u s e s  
p h o t  or  e a c t  i v  a t  i  o n .
I r r a d i a t e d  c e l l  s u s p e n s i o n s  w e r e  g i v e n  a s i n g l e  h i g h - i n t e n s i t y  
f l a s h  a t  t h e  com m encem ent o f  e x p o s u r e  t o  m o n o c h r o m a t ic  l i g h t .  The  
w a v e l e n g t h  w a s  v a r i e d  b e t w e e n  3 2 0  and 6 0 0  ran. P r e l i m i n a r y  
e x p e r i m e n t s  i n d i c a t e d  t h a t  e x p o s u r e  o f  AB2480, AS44 and DY326 f o r  
2 , 4 and 9 0  m i n u t e s ,  r e s p e c t i v e l y ,  a t  e a c h  w a v e l e n g t h  w o u ld  g i v e  a 
r e l i a b l e  e s t i m a t e  o f  t h e  r a t e  o f  r e p a i r ,  u s i n g  t h e  c a l c u l a t e d  ( 1 - P )  
v a l u e .  F u r t h e r m o r e ,  c o m p l e t e  p h o t o r e a c t i v a t i o n  e x p e r i m e n t s  f o r  
AS44 u s i n g  3 5 0 ,  3 85 and 4 2 0  ran m o n o c h r o m a t ic  p h o t o r e a c t i v a t i n g  
l i g h t  w e r e  c a r r i e d  o u t  and  a r e  show n i n  F i g .  3 . 1 7 .  T he ( 1 - P )  p l o t s  
a r e  i n c l u d e d  i n  F i g .  3 . 1 8 .  The g r a d i e n t  o f  t h e  ( 1 - P )  p l o t ,  t h a t  i s  
t h e  r a t e  o f  r e p a i r ,  w a s  u s e d  a s  a m e a s u r e  o f  t h e  ' e f f i c i e n c y '  w i t h  
w h i c h  p a r t i c u l a r  w a v e l e n g t h s  o f  l i g h t  b r o u g h t  a b o u t  p h o t o l y s i s .
The d a t a  f o r  t h e  t h r e e  s t r a i n s  a r e  shown i n  F i g .  3 . 1 9 .
S t r a i n  DY326 e x h i b i t e d  a b r o a d  s t r u c t u r e l e s s  p e a k  o v e r  t h e  
r a n g e  3 6 0 - 4 0 0  ran, f a l l i n g  o f f  s h a r p l y  t o  n o  m e a s u r a b l e  r e p a i r  
b e y o n d  4 3 0  ran. B e lc w  3 5 0  ran t h e  l e t h a l  e f f e c t  o u t w e i g h e d  r e p a i r .  
T h i s  w a s  s i m i l a r  t o  e n z y m a t i c  PR ( r e v i e w e d  by Harm, 1 9 7 5 )  and  i s  i n  
c o n t r a s t  t o  kncwn e x a m p l e s  o f  n o n - e n z y m e - d e p e n d e n t  p h o t o s e n s i t i z e d  
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Fig. 3.17. Photoreactivation at 25°C of 254 nm inactivated
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F i g .  3.18. 1-P a n a l y s i s  o f  t h e  p h o t o r e a c t i v a t i o n  r a t e  a t
25°C o f  254 nm i n a c t i v a t e d  AS44 w i t h  350 (A), 385 ( • )  an d  
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Fig. 3.19. The efficiency of photoreactivation of 254 nm 
induced damage as a function of the wavelength of 
photoreactivating light for AB2480 (±), AS44 (•) and DY326 (■).
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o l i g o p e p t i d e s  ( H e le n e  an d  C h a r l i e r ,  1 9 7 7 )  and  t h e  g e n e  3 2  p r o t e i n  
o f  ' p h a g e  T4 ( H e l e n e  e t  a l . ,  1 9 7 6 ) ,  w h e r e  no s e n s i t i z e d  s p l i t t i n g  
w a s  o b s e r v e d  b e y o n d  3 5 0  nm.
S t r a i n s  AS44 and AB24 80 sh o w ed  a p p r o x i m a t e l y  5 0 - 1 0 O - f o l d  
g r e a t e r  ' e f f i c i e n c y '  o f  r e p a i r ,  r e s p e c t i v e l y ,  r e f l e c t i n g  t h e i r  
h i g h e r  f i r s t - o r d e r  r a t e - c o n s t a n t s .  H cw ever , t h e y  e x h i b i t e d  a 
s i m i l a r  s t r u c t u r e l e s s  p e a k  o v e r  t h e  r a n g e  3 6 0  t o  4 0 0  ran, b u t  had  a  
s m a l l  s h o u l d e r  a t  4 4 5  nm, w i t h  r e p a i r  b e i n g  m e a s u r a b l e  w i t h  
p h o t o r e a c t i v a t i n g  l i g h t  w a v e l e n g t h s  up t o  4 7 0  nm. The w a v e l e n g t h -  
d e p e n d e n c e  o f  PR o b s e r v e d  w i t h  t h e s e  s t r a i n s  w a s  s i m i l a r  t o  t h e  
a c t i o n  s p e c t r a  f o r  PR i n  v i v o  p u b l i s h e d  by Harm ( 1 9 7 5 )  and  Kondo  
and K a to  ( 1 9 6 6 ) ,  w h ic h  h a v e  a b r o a d  s t r u c t u r e l e s s  p e a k  a t  3 85 nm. 
Harm ( 1 9 7 0 )  c a l c u l a t e d  t h e  p h o t o l y t i c  r a t e  c o n s t a n t  f o r  t h e  
p h o t o l y s i s  o f  t h e  P R E - s u b s t r a t e  c o m p le x  and  f o u n d  t h a t  PR w a s  m ost  
e f f i c i e n t  a t  3 85 ran. I n  a d d i t i o n ,  t h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  
w i t h  t h e  f i n d i n g  o f  J o r n s  e t  a l .  ( 1 9 8 4 ) ,  who sh ew ed  t h a t  t h e  c l o n e d  
phrB g e n e  p r o d u c t  h a d  a n  i n t e n s e  a b s o r p t i o n  band a t  3 84 ran. T h i s  
w a s  a t t r i b u t e d  t o  a  n e u t r a l  f l a v i n  r a d i c a l  and a s e c o n d  c h r c m o p h o r e  
a s s o c i a t e d  w i t h  t h e  e n z y m e .  S a n c a r  e t  a l .  ( 1 9 8 7 b )  h a v e  d e t e r m in e d  
t h e  a c t i o n  s p e c t r u m  o f  t h e  b l u e  p h o t o l y a s e  en zym e _in v i t r o  w h ic h  
show ed a p e a k  a t  3 8 5  ran, i n  g o o d  a g r e e m e n t  b o t h  w i t h  t h e  i n  v i v o  
d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  an d  t h e  c a l c u l a t e d  a b s o r p t i o n  
s p e c tr u m  f o r  t h e  p r o t e i n - b o u n d  s e c o n d  c h r c m o p h o r e  ( J o r n s  e t  a l . ,  
1 9 8 7 ) ,  w h ic h  h ad  a maximum a b s o r p t i o n  a t  3 9 0  nm. W h i l s t  t h e  
s i m i l a r i t y  b e t w e e n  t h e  jLn v i t r o  a c t i o n  s p e c tr u m  and t h e  a b s o r p t i o n  
s p e c tr u m  o f  t h e  s e c o n d  c h r c m o p h o r e  h a s  l e d  S a n c a r  e t  a l .  ( 1 9 8 7 a )  t o  
s u g g e s t  t h a t  t h e  l a t t e r  m a k es  a m a jo r  c o n t r i b u t i o n  t o  t h e  
a b s o r p t i o n  o f  p h o t o l y a s e  a t  3 84 ran ( a p p r o x i m a t e l y  65  p e r  c e n t  -  
J o r n s  e t  a l . ,  1 9 8 7 )  an d  m u st  be  t h e  m a jo r  s e n s i t i z e r  a t  t h i s
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w a v e l e n g t h ,  i t  c a n n o t  b e  t h e  s o l e  s e n s i t i z e r  b e c a u s e  a s m a l l  b u t  
s i g n i f i c a n t  l e v e l  o f  a c t i v i t y  w a s  d e t e c t e d  up  t o  6 2 5  nm. The s e c o n d  
c h r c m o p h o r e  d o e s  n o t  a b s o r b  b e y o n d  4 5 0  nm, s u g g e s t i n g  t h a t  t h e  
f l a v i n  c h r c m o p h o r e  may a l s o  be  a p h o t o s e n s i t i z e r .  I t  i s  d i f f i c u l t  
t o  s p e c u l a t e  on  t h e  r o l e  o f  t h e  f l a v i n  c h r o m o p h o r e  J j i  v i v o , 
p a r t i c u l a r l y  s i n c e  i n  t h i s  s t u d y ,  no r e p a i r  w a s  d e t e c t e d  b e y o n d  4 7 0  
nm, s u g g e s t i n g  t h a t  a b s o r p t i o n  by t h e  f l a v i n  r a d i c a l  a l o n e  d o e s  n o t  
r e s u l t  i n  a d e t e c t a b l e  b i o l o g i c a l  e f f e c t .  H c w e v e r ,  J o r n s  e t  a l .
( 1 9  87 )  h a v e  show n t h a t  i f  t h e  p u r i f i e d  en zym e i s  t r e a t e d  w i t h  
so d iu m  d o d e c y l s u l p h a t e  a t  n e u t r a l  pH ( r e s u l t i n g  i n  r a p i d  o x i d a t i o n  
o f  t h e  FAD r a d i c a l  f o l l c w e d  by a s l o w e r ,  i r r e v e r s i b l e  d e c o m p o s i t i o n  
o f  t h e  s e c o n d  c h r c m o p h o r e )  and  t h e n  t r e a t e d  w i t h  d i t h i o n i t e  ( t o  
r e d u c e  t h e  f l a v i n  r a d i c a l ) ,  t h e  d e c r e a s e  i n  s e c o n d  c h r c m o p h o r e  
g r e a t l y  e x c e e d e d  t h e  d e c r e a s e  i n  enzym e a c t i v i t y ,  s u g g e s t i n g  t h a t  
t h e  enzym e c a n  f u n c t i o n  i n  t h e  a b s e n c e  o f  t h e  s e c o n d  c h r c m o p h o r e .
I t  i s  p e r t i n e n t  t o  d i s c u s s  w h e t h e r  t h e  d e c r e a s e  i n
' e f f i c i e n c y '  o f  p h o t o r e p a i r  o f  AS44 com p ared  w i t h  A B2480, may be
a t t r i b u t a b l e  t o  an y  p h o t o c h e m i c a l  e x p l a n a t i o n s .  I t  c o u l d  be a r g u e d
t h a t  t h e  i n c r e a s e  i n  r e p a i r  r a t e  o b s e r v e d  i n  A B2480 w a s  due t o  a
l a r g e r  p h o t o r e a c t i v a t i o n  c r o s s - s e c t i o n .  S a n c a r  e t  a l .  ( 1 9 8 7 a )  h a v e
t e s t e d  t h i s  h y p o t h e s i s  u s i n g  a A(g a l -  u v r B ) s t r a i n  and  a n  o t h e r w i s e
4 4
i s o g e n i c  s t r a i n .  T h ey  o b t a i n e d  e<J> v a l u e s  o f  3 . 3  x  1 0  and 4 . 4  x  1 0  
M ^ cm \  w h ic h  t h e y  fo u n d  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
H c w e v e r ,  s u c h  a d i f f e r e n c e ,  e v e n  i f  m e r e l y  r e g a r d e d  a s  a g r o s s  
t r e n d ,  d o e s  h o l d  o u t  t h e  p o s s i b i l i t y  t h a t  a g e n e  i n  t h e  r e g i o n  o f  
t h e  p r o p o s e d  phrA  l o c u s  may a f f e c t  t h e  quantum  y i e l d  o f  DNA 
p h o t o l y a s e .  The e f f e c t  i s  a p p a r e n t l y  w o r th y  o f  f u r t h e r  
i n v e s t i g a t i o n .
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3 . 6 .  The D e p e n d e n c e  o f  P h o t o e n z y m a t i c  R e p a i r  o n  P r e -  
I r r a d i a t i o n  G row th  C o n d i t i o n s  
T h e r e  h a v e  b e e n  s e v e r a l  r e p o r t s  i n  t h e  l i t e r a t u r e  s u g g e s t i n g  
t h a t  p r e - i r r a d i a t i o n  g r o w th  c o n d i t i o n s  c a n  h a v e  a s i g n i f i c a n t  
e f f e c t  o n  p h o t o e n z y m a t i c  r e p a i r ;  n a m e ly  a e r o b i c  v e r s u s  a n a e r o b i c  
g r o w t h ;  g r o w th  t e m p e r a t u r e  and t h e  p r e s e n c e  o r  a b s e n c e  o f  l i g h t .
3 . 6 . 1 .  A n a e r o b ic  G row th
T y r r e l l  (1 9 7  3 b )  e s t a b l i s h e d  s u p p r e s s i o n  o f  p h o t o r e a c t i v a t i n g  
en zym e p r o d u c t i o n  i n  IS. c o l i  K -12  s t r a i n s  grow n u n d e r  a n a e r o b i c  
c o n d i t i o n s .  I t  w a s  c o n s i d e r e d  w o r t h w h i l e  t o  d e t e r m i n e  w h a t  e f f e c t  
a n a e r o b i c  g r o w th  w o u ld  h a v e  o n  t h e  f o u r  s t r a i n s  u s e d  i n  t h i s  s t u d y .
The c u l t u r e s  w e r e  gro w n  a s  d e s c r i b e d  i n  S e c i o n  3 . 2 ,  b u t  a m i x t u r e  
o f  95% and 5% CO^ w a s  p a s s e d  t h r o u g h  t h e  a e r a t i o n  a p p a r a t u s  ( s e e  
G e n e r a l  M e t h o d o l o g y ) .  C e l l  s u s p e n s i o n s  f o r  i r r a d i a t i o n  and  
p h o t o r e a c t i v a t i o n  w e r e  p r e p a r e d  i n  t h e  u s u a l  m an n er .
3 . 6 . 1 . 1  H i g h - I n t e n s i t y  F l a s h  P h o t o l y s i s
C e l l  s u s p e n s i o n s  o f  a n a e r o b i c a l l y - g r o w n  A B 2480 ,  A S 44 ,  DY326 
and AS46 w e r e  i n a c t i v a t e d  w i t h  g r a d e d  f l u e n c e s  o f  254  nm UV 
r a d i a t i o n ,  and ' f l a s h - p h o t o r e a c t i v a t e d '  t o  e s t a b l i s h  t h e  ' f l u e n c e -  
d e c r e m e n t ' ,  a s  d e s c r i b e d  i n  S e c t i o n  3 . 2 . 1 .  R e p r e s e n t a t i v e  r e s u l t s  
from  d u p l i c a t e  e x p e r i m e n t s  f o r  AB2480 and AS44 a r e  show n i n  F i g .
3 . 2 0 .  The s u r v i v a l  p a r a m e t e r s  a r e  i n c l u d e d  i n  T a b l e  3 . 7 ,  t o g e t h e r  
w i t h  t h o s e  f o r  DY326 and A S 4 6 . T he d a t a  p e r t a i n i n g  t o  t h e s e  
p a r a m e t e r s  a r e  i n c l u d e d  i n  T a b l e s  A 4 . 2 4 - 2 7 .  T he a n a l y s i s  o f  
c o v a r i a n c e  b e t w e e n  t h e  254  nm UV i n a c t i v a t i o n  d a t a  and  t h e  a e r o b i c  
d a t a  ( T a b l e  3 . 1 ) ,  d e r i v e d  from  r e g r e s s i o n  a n a l y s i s  o f  t h e  p o o l e d  
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Fig. 3.20. Survival curves for anaerobically grown AB2480 (Panel A) and AS44 (Panel B) after 254 nm 
UV (closed symbols) and a single flash of light (open symbols). (- - - aerobic flash response)
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T a b l e  3 . 7  INACTIVATION PARAMETERS FOR ANAEROBICALLY GROWN 
AB248Q, A S 4 4 , DY326 AND AS46 AFTER 254 nm UV 
IRRADIATION AND MAXI M3 M FLASH PHOTOLYSIS AT 25°C
STRAIN TREATMENT INTERCEPT ' n'
INACTIVATION COEFFICIENT 
' k '  (Jm” 2 ) ”1
A B2480 254  nm 1 . 9 3  + 0 . 1 4 5 1 8 . 9 7  + 0 .1 9 3
( £ h r + ) FLASH 2 . 3 4  + 0 .3 1 4 1 7 . 8 8  + 0 .1 8 6
AS44 254  nm 1 . 3  8 + 0 . 1 1 2 1 9 . 2 3  + 0 .2 0 4
( p h r A ) , FLASH 1 . 2 4  + 0 . 1 3 9 1 7 . 6 4  + 0 .1 9 2
DY3 26 254 nm 1 . 5 1  + 0 .1 4 6 1 9 . 2 0  +_ 0 . 1 8 9
(p h r B ) FLASH 1 . 4 8  + 0 .1 5 7 1 9 . 3 1  + 0 .1 9 6
AS46 254 nm 1 . 3 6  + 0 . 1 4 2 1 9 . 1 6  + 0 . 1 3
(p h r A ,p h r B ) FLASH 1 . 4 0  ±  0 . 1 5 1 1 9 . 2 3  + 0 . 1 6 2
i n t e r c e p t  or  s l o p e  l o c a t i o n  a t  t h e  5 p e r  c e n t  c o n f i d e n c e  i n t e r v a l
( p > 0 . 0 5 ) .  H cw ev er ,  r e f e r e n c e  t o  F i g s .  3 . 6  and 3 . 2 0  i n d i c a t e s  a
s i g n i f i c a n t  r e d u c t i o n  i n  t h e  f l u e n c e  d e c r e m e n t  f o r  b o t h  A B2480 and
-2AS44 . The c a l c u l a t e d  v a l u e s  w e r e  0 . 0 3 + 0 . 0 0 4 2  and 0 . 026 j+ 0 .003 8 Jm
f o r  AB24 80  and A S 44 , r e s p e c t i v e l y ,  w h ic h  r e s u l t e d  i n  v a l u e s  o f
1 . 6 + 0 . 2 2  and 1 . 4 + 0 . 2 0  f o r  t h e  e s t i m a t e s  o f  t h e  number o f  p h o t o -
r e a c t i v a t i n g  e n z y m e - s u b s t r a t e  c o m p le x e s  p e r  c e l l  p r e s e n t  a t  t h e
i n s t a n t  o f  t h e  f l a s h .  Once a g a i n ,  no f l u e n c e  d e c r e m e n t  v a l u e s  w e r e
o b t a i n e d  w i t h  e i t h e r  DY326 o r  A S46 . W h i l s t  a n a e r o b i c  c u l t u r e  h a s
r e d u c e d  t h e  e s t i m a t e s  o f  t h e  number o f  PRE m o l e c u l e s  p e r  c e l l  f o r
b o t h  AB2480 and AS44 co m p a red  w i t h  a e r o b i c  g r c w th  ( S e c t i o n  3 . 2 . 1 )
i t  i s  n o t e w o r t h y  t h a t  t h e  v a l u e  f o r  AB24 80  w a s  r e d u c e d  t o  1 0  p e r
c e n t ,  w h e r e a s  t h e  v a l u e  f o r  AS44 w a s  o n l y  r e d u c e d  t o  1 9  p e r  c e n t ,
i n d i c a t i n g  t h a t  a n a e r o b i c  c u l t u r e  had a p r o p o r t i o n a t e l y  g r e a t e r
e f f e c t  i n  t h e  p h r + b a c k g r o u n d  o f  AB2480. T y r r e l l  ( 1 9 7 3 b )
d e t e r m i n e d  t h e  f l u e n c e  d e c r e m e n t  from  a s i n g l e  f l a s h  o f  4 8 hour
s t a t i o n a r y - p h a s e  AB24 8 0  g r c w n  i n  s u p p le m e n te d  m in im a l  medium u n d er
-2a n a e r o b i c  c o n d i t i o n s  t o  be  0 . 1 5  erg.mm ; r e s u l t i n g  i n  an  e s t i m a t e  
o f  on e  o r  tw o  ERE m o l e c u l e s  p e r  c e l l .  Two h y p o t h e s e s  c a n  be p u t  
fo r w a r d  t o  e x p l a i n  t h e s e  d a t a .  F i r s t l y ,  t h e  m arked  m e t a b o l i c  
c h a n g e s  r e s u l t i n g  f r a n  a n a e r o b i c  r e s p i r a t i o n  com pared  w i t h  a e r o b i c  
r e s p i r a t i o n  may c a u s e  a  s i m p l e  r e d u c t i o n  i n  t h e  p r o d u c t i o n  o f  HIE 
m o l e c u l e s .  T h i s  a l o n e  w o u ld  n o t  a c c o u n t  f o r  t h e  d i s p r o p o r t i o n a t e  
r e d u c t i o n  b e t w e e n  AB2480 and A S 4 4 , n e c e s s i t a t i n g  t h e  s u p p o s i t i o n  o f  
a d i r e c t  e f f e c t  o n  a co m p o n en t  o f  t h e  ERE m o l e c u l e  i n  AB24 80 w h ic h  
i s  n o t  p r e s e n t  i n  A S 4 4 . T h i s  w i l l  be d i s c u s s e d  i n  g r e a t e r  d e t a i l  
a t  t h e  c o n c l u s i o n  o f  t h i s  s e c t i o n .  S e c o n d l y ,  t h e r e  may be an  
i n h i b i t o r  p r e s e n t  i n  t h e  a n a e r o b i c a l l y  grcw n c e l l s ,  p e r h a p s  
a l l o s t e r i c  i n  n a t u r e ,  w h ic h  reduces t h e  a c t i v i t y  o f  t h e  ERE, w h i l s t
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n o t  a b o l i s h i n g  i t .
3 . 6 . 1 . 2 .  P h o t o r e a c t i v a t i o n  W ith  C o n t in u o u s  I l l u m i n a t i o n
The c u l t u r e s  w e r e  grow n a s  d e s c r i b e d  i n  S e c t i o n  3 . 6 . 1 . 1 ,  
i n a c t i v a t e d  w i t h  254  nm UV r a d i a t i o n  and p h o t o r e a c t i v a t e d  a s  
d e s c r i b e d  i n  S e c t i o n  3 . 3 . 2 .  T he p h o t o r e a c t i v a t i o n  d a t a  f o r  t h e  
f o u r  s t r a i n s  a r e  show n i n  F i g .  3 . 2 1  and t h e  ( 1 - P )  a n a l y s e s  a r e  
i n c l u d e d  i n  F i g .  3 . 2 2 .  The r a t e  c o n s t a n t s ,  d e t e r m i n e d  by l e a s t  
s q u a r e s  r e g r e s s i o n  a n a l y s i s  o f  t h e  i n i t i a l  l i n e a r  p o r t i o n  o f  e a c h  
( 1 - P )  p l o t ,  h a v e  b e e n  u s e d  t o  e s t i m a t e  t h e  a v e r a g e  number o f  PRE 
m o l e c u l e s  p e r  c e l l ;  t h e s e  v a l u e s  a r e  i n c l u d e d  i n  T a b l e  3 . 8  t o g e t h e r  
w i t h  t h e  a e r o b i c  v a l u e s  from  T a b l e  3 . 4 .
T a b l e  3 . 8  C o m p a r iso n  o f  t h e  i n i t i a l  r a t e  o f  p h o t o r e a c t i v a t i o n  
and e s t i m a t e s  o f  t h e  number o f  PRE m o l e c u l e s  a f t e r  
a n a e r o b i c  c u l t u r e .  The a e r o b i c  v a l u e s  a r e  i n c l u d e d  
i n  p a r e n t h e s e s .
S t r a i n
R a t e
( x i c f 3 )
( k x )
( s - 1 )
Number o f  ERE 
m o l e c u l e s
AB2480 4 . 1 8 ( 1 1 . 5 ) 2 . 3 2  ( 6 . 4 )
AS44 2 . 3 ( 3 . 5 ) 1 . 2 8  ( 1 . 9 4 )
DY326 0 . 02 ( 0 . 0 6 2 ) 0 . 0 1  ( 0 . 0 3 4 )
AS46 - ( - ) ( - )
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Fig. 3.21. Photoreactivation of anaerobically-grown, 254 nm UV
inactivated AB2480 (a ), AS44 (O), DY326 (□) and AS46 (O) at 25°C «•
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Fig. 3.22. 1-P analysis of the rate of photoreactivation at 
o
25 C of 254 nm inactivated, anaerobically-grown AB2480 (a ), 
AS44 (O), DY326 (□) and AS46 (O) .
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p a r a l l e l e d  t h e  d i s p r o p o r t i o n a t e  r e d u c t i o n s  d e r i v e d  from  t h e  f l u e n c e  
d e c r e m e n t s  ( S e c i o n  3 . 6 . 1 . 1 ) .  The r a t e s  o f  p h o t o r e a c t i v a t i o n  f o r  
a n a e r o b i c a l l y  g rcw n  A B 2480 , AS44 and DY326 w e r e  3 6 - ,  66 - ,  and  32  
p e r  c e n t ,  r e s p e c t i v e l y ,  o f  t h e  a e r o b i c  v a l u e s .  Once a g a i n ,  
p h o t o r e a c t i v a t i o n  o f  AS44 w a s  m a r k e d ly  l e s s  a f f e c t e d .  I t  s h o u l d  be  
e m p h a s i s e d  t h a t  t h e  f l u e n c e  d e c r e m e n t  r e s u l t i n g  fr c m  a  s i n g l e  f l a s h  
w a s  m ore m a r k e d ly  a f f e c t e d  t h a n  t h e  i n i t i a l  r a t e  o f  p h o t o ­
r e a c t i v a t i o n  a f t e r  a n a e r o b i c  g r o w t h .  I t  c o u l d  t h u s  be a r g u e d  t h a t  
o n e  o f  t h e  e f f e c t s  o f  a n a e r o b i c  c u l t u r e  i s  t o  d e c r e a s e  t h e  a f f i n i t y  
o f  t h e  PRE f o r  i t s  s u b s t r a t e ,  p e r h a p s  by i n c r e a s i n g  t h e  d a rk  
d i s s o c i a t i o n  c o n s t a n t ,  k^ ( s e e  I n t r o d u c t i o n ) .  T h e r e f o r e ,  t h e  
f o r m a t i o n  o f  t h e  e n z y m e -  s u b s t r a t e  c o m p le x  w o u ld  b e  m ore  t r a n s i e n t ,  
w i t h  t h e  r e s u l t  t h a t  t h e  number o f  c o m p le x e s  p r e s e n t  a t  t h e  i n s t a n t  
o f  a s i n g l e  f l a s h  w o u ld  be  l c w e r .  H cw ever ,  d u r i n g  c o n t i n u o u s  
i l l u m i n a t i o n  u n d er  s a t u r a t i n g  i r r a d i a n c e  c o n d i t i o n s ,  t h e  c o m p le x e s  
w o u ld  be p h o t o l y s e d  a s  s o o n  a s  t h e y  w e r e  fo r m e d .  W h i l s t  t h e  d a t a  
p r e s e n t e d  i n  t h i s  r e p o r t  may s u g g e s t  t h i s  e x p l a n a t i o n ,  t h e y  do n o t
c o n f i r m  i t .  T h i s  i n v e s t i g a t i o n  c o u l d  be p u r s u e d  u s i n g  t h e
' c o m p e t i n g  s u b s t r a t e '  t e c h n i q u e s  d e s c r i b e d  by  H a m  e t  a l .  ( 1 9 7 1 )  t o  
d e t e r m i n e  t h e  d a rk  d i s s o c i a t i o n  c o n s t a n t ,  k 2 .
The p h o t o r e a c t i v a t i o n  d a t a  h a v e  a l s o  b e e n  a n a l y s e d  by t h e  
' l e t h a l - h i t '  m eth o d  d e v e l o p e d  by J o h n s o n  and H a y n e s  ( 1 9 8 6 a ) ,  and  
a r e  show n i n  t h i s  form  i n  F i g .  3 . 2 3 .  The d a t a  p e r t a i n i n g  t o  t h e s e  
f i g u r e s  a r e  i n c l u d e d  i n  T a b l e s  A 4 . 2 8 - 3 0 .  The mean p h o t o r e p a i r  
c o n s t a n t s  and from  tw o  r e p l i c a t e  e x p e r i m e n t s  a r e  i n c l u d e d  i n
T a b l e  3 . 9 ,  t o g e t h e r  w i t h  t h e  c o r r e s p o n d i n g  v a l u e s  f o r  a e r o b i c
g r c w t h  c o n d i t i o n s  ( f r c m  T a b l e  3 . 6 ) .  C o m p a r iso n  o f  t h e  r e p a i r  
p r o b a b i l i t i e s  and a f t e r  a n a e r o b i c  and  a e r o b i c  g r o w th  
i n d i c a t e d  t h a t  w i t h  A S 4 4 , t h e  s l c w e r  r a t e  c o n s t a n t  a 2 w a s  4 p e r
0.1
4 e 12 16 7 0
1. o
0. 1
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Fig. 3.23. Lethal hit analysis of the rate of photoreactivation at 25°C of anaerobically-grown, 254 nm UV
inactivated AB2480 (Panel A), AS44 (Panel B) and DY326 (Panel C) (closed symbols) and after subtraction of
the slow component (open symbols).
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c e n t  g r e a t e r  a f t e r  a n a e r o b i c  g r c w t h  and s o  n o t  s i g n i f i c a n t l y  
a f f e c t e d ,  w h e r e a s  w i t h  AB24 80  t h e  r a t e  c o n s t a n t  w a s  3 0  p e r  c e n t  
l c w e r .  The f a s t e r  r a t e  c o n s t a n t  f o r  AB24 80  and AS44 w e r e  
a p p r o x i m a t e l y  4 0  and 31  p e r  c e n t  l o w e r ,  r e s p e c t i v e l y .  I n d e e d ,  t h e  
r a t e  c o n s t a n t  f o r  AB24 80  a f t e r  a n a e r o b i c  g r c w th  a p p r o a c h e d  t h a t  
o f  AS44 a f t e r  a e r o b i c  g r o w t h .  T ak en  t o g e t h e r ,  t h e s e  d a t a  s u g g e s t  
t h e  d i s p r o p o r t i o n a t e  d e c r e a s e  i n  t h e  r a t e  o f  p h o t o r e a c t i v a t i o n  
b e t w e e n  A B 2480  and AS44 i s  a t t r i b u t a b l e  t o  a g r e a t e r  e f f e c t  on  t h e  
s l o w e r  r a t e  c o n s t a n t  T h i s  i s  r e f l e c t e d  i n  t h e  r a t e  c o n s t a n t
f o r  D Y 326, w h ic h  w a s  a p p r o x i m a t e l y  12 p e r  c e n t  o f  t h e  a e r o b i c  
v a l u e .
T a b l e  3 . 9  P h o t o r e a c t i v a t i o n  r a t e  a n a l y s i s  o f  254  nm UV
i r r a d i a t e d  AB24 8 0 ,  AS44 and DY326 a t  2 5 °C  a f t e r
o
e i t h e r  a e r o b i c  o r  a n a e r o b i c  g r o w th  a t  37 C (N o t  
m e a s u r a b l e  w i t h  A S 4 6 ) .
S t r a i n G row th  C o n d i t i o n s a ^ (m in  ) a 2 (m in  )
AB24 80 A n a e r o b ic - 0 . 6 1 6  + 0 . 0 7 6 - 0 . 1 1 5  + 0 .020
A e r o b i c - 1 . 0 3 6  + 0 . 1 1 8 - 0 . 1 6 7  + 0 .0 3 6
AS44 A n a e r o b ic - 0 . 4 3  + 0 . 0 5 2 - 0 . 0 8 2  + 0 . 0 1 8
A e r o b i c - 0 . 6 1 9  + 0 . 0 2 1 - 0 . 0 7  87 + 0 .0 0 9 6
DY326 A n a e r o b i c - - 0 . 0 0 5  + 0 . 001
A e r o b i c — - 0 . 0 4 0 1 + 0 . 0 0 4 5
T h e s e  d a t a  c o u l d  be  t a k e n  a s  i n d i c a t i v e  o f  t h e  p r e s e n c e  o f  an
a l l o s t e r i c  e f f e c t o r  i n  A B2480 (a n d  D Y 3 2 6 ) ,  w h ic h  i n  some way  
i n c r e a s e s  t h e  r e p a i r  c o n s t a n t  o^ , b u t  w h ic h  i s  i t s e l f  p a r t i a l l y  or  
c o m p l e t e l y  r e p r e s s e d  u n d e r  a n a e r o b i c  g r o w th  c o n d i t i o n s .  W h i l s t  i t  
i s  an  a t t r a c t i v e  a rg u m e n t  t o  a t t r i b u t e  t h i s  a l l o s t e r i c  e f f e c t o r  t o  
t h e  p r o p o s e d  phrA  l o c u s  i n  t h e  g a l -  a t t A  i n t e r v a l ,  i t  c o u l d  be  
a r g u e d  t h a t  a b s e n c e  o f  a g e n e  from  t h e  g a l  -  c h i A  d e l e t i o n  o f  AS44 
c a u s e s  t h e  s t r a i n  t o  be p a r t i a l l y  r e s p i r a t o r y - d e f i c i e n t ,  e v e n  u n d er  
a e r o b i c  g r o w th  c o n d i t i o n s .  W i t h i n  t h i s  r e g i o n  i s  t h e  hemF l o c u s ,  
c o d i n g  f o r  a n  enzym e w h ic h  c a t a l y s e s  t h e  c o n v e r s i o n  o f  c o -  
p r o p o r p h y r i n o g e n  I I I  t o  p r o t o p r o p h y r i n  IX. Cox and C h a r l e s  ( 1 9 7 3 )  
h a v e  i s o l a t e d  a  hemF m u t a n t ,  and d e m o n s t r a t e d  c o p r o p o r p h y r i n o g e n  
a c c u m u l a t i o n ,  h a e m - d e f i c i e n c y  and r e s p i r a t o r y - d e f i c i e n c y .  H cw ev er ,  
t h i s  w a s  i s o l a t e d  a s  a s e c o n d a r y  m u ta n t  o f  a s t r a i n  w h ic h  
a c c u m u la t e d  p r o t o p o r p h y r i n  IX . N e i t h e r  t h e  c o l o n y  m o r p h o l o g i e s  n o r  
c a t a l a s e  a c t i v i t i e s  o f  AB24 80  and AS44 i n d i c a t e d  t h a t  t h e  l a t t e r  
w a s  haem - o r  r e s p i r a t o r y - d e f i c i e n t  ( d a t a  n o t  s h o w n ) .  R e c e n t  work  
b y S a n c a r  e t  a l .  ( 1 9  87 b )  h a s  i n d i c a t e d  t h a t  t h e  r e d o x  s t a t e  o f  t h e  
c e l l  c o u l d  b e  a n  im p o r t a n t  d e t e r m i n a n t  o f  PRE a c t i v i t y .  U s i n g  t h e  
c l o n e d  phrB g e n e  p r o d u c t  _in v i t r o , t h e s e  w o r k e r s  f o u n d  t h a t  t h e  
quantum  y i e l d  f o r  p h o t o r e a c t i v a t i o n  o n l y  a p p r o a c h e d  t h e  _in v i v o  
v a l u e  ( a p p r o x i m a t e l y  1 . 0 ) when t h e  enzym e w a s  f u l l y  r e d u c e d  w i t h  
d i t h i o n i t e  u n d e r  a n a e r o b i c  c o n d i t i o n s ;  i n d i c a t i n g  t h a t  t h e  enzym e  
c o n t a i n s  a f u l l y  r e d u c e d  f l a v i n  c h r c m o p h o r e  i n  v i v o  and n o t  t h e  
p a r t i a l l y  o x i d i z e d  f l a v i n  o b t a i n e d  a s  a r e s u l t  o f  t h e  p u r i f i c a t i o n  
p r o c e s s .  T h i s  c o u l d  be  i n t e r p r e t e d  t o  mean t h a t  IS. c o l l  grow n  
u n d er  a n a e r o b i c  c o n d i t i o n s  s h o u l d  p o s s e s s  h i g h e r  p h o t o l y a s e  
a c t i v i t y  t h a n  a e r o b i c a l l y - g r o w n  c e l l s ,  b u t  i t  m u s t  be rem em bered  
t h a t  t h e  i r r a d i a t i o n  and p h o t o r e a c t i v a t i o n  e x p e r i m e n t s  r e p o r t e d  i n  
t h i s  w ork  w e r e  c a r r i e d  o u t  u n d e r  a e r o b i c  c o n d i t i o n s .  A m ore
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p l a u s i b l e  e x p l a n a t i o n  f o r  t h e  d e c r e a s e  i n  PRE a c t i v i t y  o f  
a n a e r o b i c a l l y - g r c w n  c e l l s  c o u l d  be t h e  " d i v e r s i o n "  o f  FAD 
c h r c m o p h o r e  fr c m  t h e  PRE m o l e c u l e  t o  c o m p o n e n t s  o f  t h e  r e s p i r a t o r y  
and e l e c t r o n  t r a n s p o r t  c h a i n s  ( r e v i e w e d  by I n g le d e w  and P o o l e ,
1 9 8 4 ) ,  s u c h  a s  l a c t a t e  d e h y d r o g e n a s e  and  L - g l y c e r o l - 3 - p h o s p h a t e  
d e h y d r o g e n a s e .  S i n c e  l a c t a t e  i s  a m a jo r  p r o d u c t  o f  t h e  b a c t e r i a l  
f e r m e n t a t i o n  o f  g l u c o s e ,  t h e  c o n v e r s i o n  o f  l a c t a t e  t o  p y r u v a t e ,  
c a t a l y s e d  by NAD+-  in d e p e n d e n t  l a c t a t e  d e h y d r o g e n a s e s  ( w i t h  t h e  
r e s u l t a n t  c o u p l i n g  o f  l a c t a t e  o x i d a t i o n  t o  e n e r g y  t r a n s d u c t i o n )  i s
v e r y  s i g n i f i c a n t  d u r i n g  a n a e r o b i c  g r o w t h .  S a n c a r  and S a n c a r  (1 9  84)
u s e d  t h e  membrane b i n d i n g  a s s a y  t o  d e t e r m i n e  t h e  r a t i o  o f  
c h r c m o p h o r e  (a  b l u e  n e u t r a l  f l a v i n  a d e n i n e  d i n u c l e o t i d e  r a d i c a l )  t o  
a p o e n z y m e ,  and f o u n d  i t  t o  be  0 . 6  9 ,  e v e n  t h o u g h  t h e  a p o en zy m e  had  
b e e n  a m p l i f i e d  1 5 , 0 0 0 - f o l d .  T h i s  s u g g e s t e d  t h e  c h r c m o p h o r e  w a s  
p r e s e n t  i n  g r e a t  a b u n d a n ce  ( o r  w a s  in d u c e d  by h i g h  l e v e l s  o f  PRE 
a p o e n z y m e ) .  T h e r e f o r e ,  i t  w o u ld  be  o f  i n t e r e s t  t o  d e t e r m i n e  i f  
a n a e r o b i c  g r c w t h  a l t e r e d  t h e  p r o d u c t i o n  o f  a p o e n z y m e ,  t h e  r a t i o  o f
ap oen zym e t o  c h r c m o p h o r e ,  o r  b o t h .
3 . 6 . 2 .  E f f e c t  o f  P r e - I r r a d i a t i o n  G row th  T e m p e r a tu r e
F u k u i  and L a s k o w s k i  ( 1 9 8 4 a )  s t u d i e d  t h e  e f f e c t  o f  p r e ­
i r r a d i a t i o n  g r c w t h  t e m p e r a t u r e  on  PRE a c t i v i t y  i n  £3. c e r e v i s i a e .
They fo u n d  t h a t  t h e  number o f  PRE m o l e c u l e s  ( e s t i m a t e d  by t h e
o
f l u e n c e  d e c r e m e n t  m e th o d )  a f t e r  g r c w t h  a t  37  C w a s  j u s t  13 p e r  c e n t
o
o f  t h e  v a l u e  a f t e r  g r c w th  a t  23 C, e v e n  th o u g h  t h e  c e l l u l a r  p r o t e i n  
c o n c e n t r a t i o n  w a s  t h e  sam e. T h i s  s u g g e s t e d  t h e  e x i s t e n c e  o f  b o t h  
a c t i v e  and i n a c t i v e  s p e c i e s  o f  PRE m o l e c u l e s  ( s e e  I n t r o d u c t i o n ,
S e c i o n  2 . 6 . 1 . 1 ) .  I t  w a s  t h o u g h t  t h a t  a s i m i l a r  i n v e s t i g a t i o n  u s i n g  
12. c o l i  w o u ld  be o f  i n t e r e s t  b e c a u s e  t h e r e  a r e  n o  p u b l i s h e d
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a c c o u n t s  o f  su c h  a s t u d y ,  and i t  may a l s o  p r o v i d e  an  e x p l a n a t i o n  
f o r  t h e  f u n c t i o n  o f  t h e  p r o p o s e d  phrA  g e n e .
3 . 6 . 2 . 1  254  ran UV I n a c t i v a t i o n  and F l a s h  P h o t o l y s i s
C e l l  s u s p e n s i o n s  o f  24 hour s t a t i o n a r y - p h a s e  c u l t u r e s  g rcw n  a t
o
26 C w e r e  p r e p a r e d  i n  t h e  u s u a l  m anner , and 254 nm U V - i r r a d i a t e d
o
and  f l a s h  p h o t o r e a c t i v a t e d  a t  25  C a s  d e s c r i b e d  i n  S e c t i o n  3 . 2 . 1 .
S u r v i v a l  c u r v e s  f o r  t h e  f o u r  s t r a i n s  a f t e r  254  nm U V - i r r a d i a t i o n
and o n e  f l a s h  o f  p h o t o r e a c t i v a t i n g  l i g h t  a r e  shew n i n  F i g s .  3 . 2 4
and 3 . 2 5 .  The s u r v i v a l  p a r a m e t e r s  from  r e p l i c a t e  e x p e r i m e n t s  a r e
i n c l u d e d  i n  T a b l e  3 . 1 0 .  The d a t a  p e r t a i n i n g  t o  t h e s e  p a r a m e t e r s
a r e  i n c l u d e d  i n  T a b l e s  A 4 . 3 1 - 3 4 .  An a n a l y s i s  o f  c o v a r i a n c e
i n d i c a t e d  t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  i n t e r c e p t  o r  s l o p e
l o c a t i o n  o f  t h e s e  254  nm U V - i r r a d i a t e d  s t r a i n s  a f t e r  g r o w th  a t  
o  o
e i t h e r  26 and  37 C. The c h a n g e s  i n  F - r a t i o  f o r  s l o p e  l o c a t i o n  o f  
A S 4 4 , DY326 and AS46 w e r e  2 .8 6 0 7  ( 1 , 2 3 2  d . f . ) ,  1 . 0 6 9  ( 1 , 2 3 3  d . f . )  
and 0 . 0 6  8 ( 1 , 2 3 4  d . f . ) ,  r e s p e c t i v e l y .  The p r o b a b i l i t y  f o r  t h e  
c h a n g e s  i n  F - r a t i o  a r e  0 . 0 9 5 2 ,  0 .3 0 5 7  and 0 . 8 1 0 6 ,  i n d i c a t i n g  n o  
s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  5 p e r  c e n t  ( p > 0 . 0 5 )  c o n f i d e n c e  
i n t e r v a l .  The f l u e n c e  d e c r e m e n t s  r e s u l t i n g  fro m  a s i n g l e  f l a s h  f o r  
A24 8 0  and AS44 w e r e  0 . 2 4  +_ 0 .0 4 6  and 0 . 1 7  2 +_ 0 . 0 3 1 ,  r e s p e c t i v e l y .  
The c a l c u l a t e d  v a l u e s  f o r  t h e  a v e r a g e  number o f  PRE m o l e c u l e s  p e r  
c e l l  b a s e d  o n  t h e s e  f l u e n c e  d e c r e m e n t s  w e r e  1 2 . 7 2  +_ 2 . 4 4  and 9 . 1 2  +_ 
1 . 6 4 ,  r e s p e c t i v e l y .  No f l u e n c e  d e c r e m e n t  w a s  m e a s u r a b l e  w i t h  
e i t h e r  DY326 o r  A S 4 6 . T h e se  d a t a  c l e a r l y  i n d i c a t e  t h a t  d e c r e a s i n g  
t h e  g r e w t h  t e m p e r a t u r e  r e s u l t s  i n  a n  i n c r e a s e  i n  t h e  number o f  
p h o t o l y a s e  m o l e c u l e s ,  o r ,  a s s u m in g  t h e  h y p o t h e s i s  o f  a  p o o l  o f  
a c t i v e  and i n a c t i v e  m o l e c u l e s ,  an i n c r e a s e  i n  t h e  number o f  a c t i v e  
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Fig. 3.24. Replicate survival curves for AB2480 (Panel A) and AS44 (Panel B) grown at 26 C
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0 . 5
Fig. 3.25. Survival curves for DY326 (Panel A) and AS46 (Panel B) grown at 26 C after 254 nm 
UV (closed symbols) and a single light flash (open symbols).
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T a b l e  3 . 1 0  SURVIVAL PARAMETERS FOR AB248Q, A S 4 4 , DY326 AND AS46 GROWN AT 26 ° C AFTER 254 nm UV 




( l o g  1 0 )
STANDARD ERROR 
OF SLOPE




(P h r  )
254  nm 3 1 a - 7 . 9 6  83 0 . 0 6 1 1 0 .3 0 7 0 .  023 8 1 8 .3 4 7 2 .00
254 nm 31b - 8.200 0 .1 3 1 3 0 . 2 7  9 0 . 0 5 6 1 1 8 . 8 8 8 1 . 9 0
2 5 4  nm 3 1 c - 8 . 4 7 7 0 . 1 5 0 8 0 .2 8 6 0 .  056 3 1 9 . 5 1 9 1 . 9 3 4
TOTAL - 8 . 2 9 3 3 0 . 1 1 5 1 0 . 2 9 1 0 . 0 4 3 6 1 9 . 0 9 6 1 .9 5 6
FLASH 3 1 a “ 3 . 0406 0 . 0 6 4 0 . 3  94 0 . 0 2 6 1 7 . 0 0 2 . 4 8
3 1 b - 3 . 0 6 6 7 0 . 2 3 8 0 . 3 7 0 0 . 0 9 6  2 7 . 0 6 2 . 3 5
TOTAL - 3 . 0 5 4 0 . 0 1 8 0 . 3  82 0 . 0 1 7 0 7 .0 3  2 2 . 4 1
AS44 25 4  nm 3 2 a - 8 . 3 8 2 3 0 . 2 3 0 0 . 2 3 0 0 . 0 5 4 1 9 . 3 0 1 . 7 0
(PhrA) 254 nm 3 2b - 8 . 3 1 2 4 0 .1 7 3 7 0 .1 9 4 0 . 0 6 2 1 9 . 1 4 1 . 5 6
254 nm 3 2 c - 8 . 3 7 2 4 0 . 1 8 9 2 0 . 2 0 8 0 . 0 7 3 1 9 . 2 8 1 . 6 2
TOTAL - 8 . 3 3 7 2 O.L336 0 .220 0 . 0 4  9 1 9 . 2 0 1.66
FLASH 3 2 a - 4 . 8 9 3 3 0 . 1 7 3 5 0 .4 3 6 0 . 0 7  2 1 1 . 2 6 7 2 . 7 3
32b - 4 . 6 4 9 3 0 . 2 7  92 0 . 3 9 8 0 . 1 1 5 1 0 . 7 0 5 2 . 5 0
TOTAL - 4 . 7 7 1 3 0 . 1 7 2 5 0 .4 1 7 0 .0 2 7 1 0 . 9 9 2 . 6 1




( l o g  1 0 )
STANDARD ERROR 
OF SLOPE
INTERCEPT STANDARD ERROR 
OF INTERCEPT , t  ^ r 1( Jm )
' n'
DY326 254 nm 3 3 a - 8 . 0 4 6 1 0 .0 8 4 0 .200 0 . 0 3 2 1 8 . 5 3 1 . 6 0
(£ h r B ) 254 nm 33b - 8 . 3 5 3 8 0 . 0 5 9 0 .2 8 3 0 . 0 1 9 1 9 .2 3 1 . 9 2
25 4  nm 3 3 c - 7 . 9 3 3 6 0 . 2 1 8 0 . 1 5 2 0 .  085 1 8 . 2 7 1 . 4 2
TOTAL - 8.111 0 .2 1 7 0.212 0 . 0 6 6 1 8 . 6 8 1 . 6 3
FLASH 3 3 a - 7 . 9 5 6 1 0 .1 3 7 0 . 2 1 9 0 . 0 6 3 1 8 . 3 2 1.66
33b - 8 . 1 6 2 7 0 .0 9 3 0 . 2 3 1 0 .0 2 7 1 8 . 7 9 1 . 7 0
AS46 254 nm 3 4 a - 8 . 2 1 9 1 0 .1 6 4 0 .2 1 3 0 . 0 6 4 1 8 . 9 3 1 . 6 3
( p h r A ,p h r B )  34b - 8 . 4 2 9 1 0 .  043 0 . 2 7  2 0 .0 1 7 1 9 . 4 1 1 . 8 7
3 4 c -8  . 07 43 0 . 0 5  8 0 . 1 6 3 0.021 1 8 . 5 9 1 .4 6
TOTAL - 8 . 2 4 0 8 0 . 1 7  8 0 . 2 1 6 0 . 0 5 5 1 8 . 9 7 1 . 6 4
FLASH 3 4 a - 7 . 9 6  86 0 .1 9 2 0 . 1 7  8 0 . 0 6  9 1 8 . 3 5 1 . 5 0
34b - 7  .9 7  46 0 .1 5 3 0 . 1 8 8 0 . 0 5 5 1 8 . 3 6 1 . 5 4
TOTAL - 7 . 9 7 1 6 0 .  004 0 .1 8 3 0 . 007 1 8 . 3 6 1 . 5 2 4
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3 . 6 . 2 . 2 .  P h o t o r e a c t i v a t i o n  w i t h  C o n t in u o u s  I l l u m i n a t i o n
C e l l s  s u s p e n s i o n s  f o r  254  nm UV i n a c t i v a t i o n  and
p h o t o r e a c t i v a t i o n  w e r e  p r e p a r e d  i n  t h e  u s u a l  m anner , and r e d u c e d  t o
- 4
a p p r o x i m a t e l y  1 x  10  s u r v i v i n g  f r a c t i o n  w i t h  an a p p r o p r i a t e
o
f l u e n c e  o f  254 nm UV r a d i a t i o n .  A f t e r  2 0  m i n u t e s  a t  25 C, a  s i n g l e
f l a s h  w a s  g i v e n  a t  t h e  same i n s t a n t  a s  commencement o f  c o n t i n u o u s
- 2
p h o t o r e a c t i v a t i n g  l i g h t .  The f l u e n c e  r a t e  u s e d  w a s  17 Wm , a b o v e
s a t u r a t i n g  i r r a d i a n c e  c o n d i t i o n s .  The p h o t o r e a c t i v a t i o n  d a t a  f o r
o  o
t h e  f o u r  s t r a i n s  grow n a t  3 0  and  26 C a r e  shown i n  F i g s .  3 . 2 6  t o
3 . 2 8 .  The ( 1 - P )  a n a l y s e s  a r e  show n i n  F i g .  3 . 2 9  and t h e  i n i t i a l
r a t e s  o f  p h o t o r e a c t i v a t i o n  and  e s t i m a t e s  o f  t h e  number o f  PRE
m o l e c u l e s  p e r  c e l l  a r e  i n c l u d e d  i n  T a b l e  3 . 1 1 .  As i n  p r e v i o u s
a n a l y s e s ,  t h e  ( 1 - P )  v a l u e s  f o r  AB2480 and AS44 h a v e  b e e n  c o r r e c t e d
t o  e l i m i n a t e  t h e  l e s i o n s  r e p a i r e d  by t h e  s i n g l e  f l a s h  o f  p h o t o -
o
r e a c t i v a t i n g  l i g h t .  P a r t i c u l a r l y  a f t e r  g r o w th  a t  26 C, t h e r e  w a s
c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  f l a s h  r e s p o n s e  d e s p i t e  c a r e f u l
c o n t r o l  o f  t h e  c u l t u r e  and e x p e r i m e n t a l  c o n d i t i o n s .  The mean ( 1 - P )
v a l u e s  from  a s i n g l e  f l a s h  f o r  AB2480 and AS44 w e r e  0 . 5 0  +_ 0 . 1 8  and
0 . 6 7  _+ 0 . 1 1 3 ,  r e s p e c t i v e l y ,  from  f o u r  r e p l i c a t e  e x p e r i m e n t s .
T h e s e  d a t a  h a v e  a l s o  b e e n  a n a l y s e d  by t h e  ' l e t h a l  h i t '  m eth od
d e v e l o p e d  by J o h n s o n  an d  H a y n e s  ( 1 9 8 6 a )  and a r e  shown i n  t h i s  form
i n  F i g s .  3 . 3 0 - 3 . 3 3 .  T he d a t a  p e r t a i n i n g  t o  t h e s e  f i g u r e s  a r e
i n c l u d e d  i n  T a b l e s  A 4 . 3 5 - 4 1 .  The c a l c u l a t e d  r e p a i r  p r o b a b i l i t i e s
and a 2 , a r e  i n c l u d e d  i n  T a b l e  3 . 1 2 .  I t  w i l l  b e  s e e n  from  T a b le
3 . 1 2  t h a t  a l t e r a t i o n  o f  t h e  g r o w th  t e m p e r a t u r e  p r o d u c e d  a d i v e r s e
s e t  o f  e f f e c t s  d e p e n d in g  o n  t h e  s t r a i n .  To su m m arise  t h e  p r i n c i p l e
e f f e c t s ,  t h e  f a s t e r  r a t e  c o n s t a n t  w a s  n o t  o b s e r v e d  w i t h  AB2480  
o
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Fig. 3.26. Photoreactivation at 25°C of 254 nm inactivated
_ 2
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Fig. 3.27. Photoreactivation at 25°C of 254 nm inactivated 
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F i g .  3.28. P h o t o r e a c t i v a t i o n  a t  25°C o f  254 nm i n a c t i v a t e d  DY326 ( P a n e l  A) a n d  AS46 ( P a n e l  B)
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Fig. 3.29. 1-P analysis of the phbtoreactivation rate at 25°C
of 254 nm inactivated AB2480 ( a , a # A ) r AS44 (#,©,0), DY326 (■,□,□)
and AS46 (♦,<>,<>) grown at 26° ( V • ,■,♦), 30° ( * , and
37°C (A,0#0,0)
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T a b l e  3 . 1 1  C o m p a r i s o n  o f  t h e  m e a n  i n i t i a l  r a t e s  o f  p h o t o -
r e a c t l v a t l o n  an d  e s t i m a t e s  o f  t h e  number o f
o
PRE m o l e c u l e s  p e r  c e l l  a t  25~~C a s  a f u n c t i o n  o f  
t h e  g r c w t h  t e m p e r a t u r e .
S t r a i n G row th
o
T e m p e r a t u r e (  C)
R a t e
( x lO _ 3 ) ( s “ 1 )
Number o f  PRE 
m o l e c u l e s  p e r  c e l l
AB24 80 26 2 2 . 4 4 1 2 .4 7
3 0 1 3 . 6 0 7 . 5 6
37 1 1 . 5 0 6 . 3 9
AS44 2 6 5 . 6 1 3 . 1 2
3 0 2 . 8 5 1 . 5 8
37 3 . 5 0 1 . 9 4
DY326 26 0 . 4 5 9 0 . 2 5 5
3 0 0 .1 1 4 0 . 0 6 3
37 0 . 0 6 2 0 . 0 3 4
AS46 26 0 . 0 8 7 0 . 0 4  8









PHOTOREACTIVATION TIME (m in )
Fig. 3.30. Lethal hit analysis of the photoreactivation rate at 25 C of 254 nm inactivated
AB2480 grown at 26° (Panel A) and 30°C (Panel B) (closed symbols) and after subtraction of
the slow component (open symbols).
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Fig. 3.31. Lethal hit analysis of the photoreactivation rate at 25 C of 254 nm inactivated
AS44 grown at 26° (Panel A) and 30°C (Panel B) (closed symbols) and after subtraction of
the slow component (open symbols)
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Fig. 3.32. Lethal hit ananlysis of the photoreactivation rate at 25 C of 254 nm inactivated
DY326 grown at 26° (Panel A) and 30°C (Panel B) (closed symbols) and after subtraction of
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Fig. 3.33. Lethal hit analysis of the photoreactivation rate
at 25°C of AS46 grown at 26°C after 254 nm inactivation.
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T a b l e  3 . 1 2  P h o t o r e a c t i v a t i o n  r a t e  a n a l y s i s  o f  254  nm UV
i r r a d i a t e d  AB24 8 0 ,  A S 44 ,  DY326 and AS46 a t  2 5 °C  
a f t e r  g r o w th  a t  2 6 ° ,  3 0  AND 37°C  (frcxn T a b le  
3 - 5 / 6 1
STRAIN GROWTH TEMP EXPT. No. ct^(m in) ^ a 2 (m in )  1
AB2480
0VO(N 3 5 a - 1 . 0 5 4
3 5b - - 1 . 1 1 3
MEAN - - 1 . 0 8 3 5  + 0 . 0 4 2
3 0 ° 3 6 a - 1 . 4 8 - 0 . 3 9 2
36b
1
rlCO•CM1 - 0 . 3 8 8
MEAN - 1 . 8 9  + 0 . 5 8 - 0 . 3 9  + 0 . 0 2 8
3 7 ° MEAN - 1 . 0 3 6  + 0 . 1 1 8 - 0 . 1 6 7  + 0 . 0 3 6
AS44 2 6 ° 3 7 a - 0 . 5 3 4 - 0 . 1 3  27
37b - 0 . 7 3 3 - 0 . 1 4 2
MEAN - 0 . 6 3 3  + 0 . 1 4 1 - 0 . 1 3 7 3  + 0 .0 0 6
3 0 ° 3 8 a - 0 . 0 3 5 4 - 0 . 0 8 5 8
3 8b - 0 . 3  80 - 0 . 1 0 8 0
MEAN - 0 . 3 6 7  + 0 . 0 1 8 - 0 9 6 7  + 0 . 0 1 6
3 7 ° MEAN - 0 . 6 1 3  + 0 . 0 2 1 - 0 . 0 8 0  + 0 . 0 0 9 6
DY326 2 6 ° 3 9 a - 0 . 0 8 0 - 0.022
3 9b - 0 . 0 5 8 - 0 . 0 1 9 7
3 9 c - 0 . 0 7 4 - 0 . 0 2 6 0
MEAN - 0 . 0 7 0 7  + 0 . 0 1 - 0 . 0 2 2 5  + 0 .0 0 3
3 0 ° 4 0 a — - 0 . 0 5 1
40b - - 0 . 0 4 3
MEAN - - 0 . 0 4 7  + 0 . 0 6
3 7 °C MEAN - - 0 . 0 4 0  + 0 . 0 0 4 5
AS46 2 6 ° 41 a _ - 0 . 0 2 8
41b — - 0 . 0 3 1
MEAN - - 0 . 0 2 9 5  + 0 . 0 0 2
o





a p p r o x i m a t e l y  6 . 5 - f o l d  g r e a t e r .  H ow ever , a f t e r  g r o w th  a t  3 0  C,
o
sh o w e d  a 2 - f o l d  i n c r e a s e  co m p a red  w i t h  37 C g r o w t h .  W ith  s t r a i n
o
A S 4 4 ,  a f t e r  g r o w th  a t  26 C t h e r e  w a s  no  s i g n i f i c a n t  i n c r e a s e  i n
o
cx^  b u t ,  (*2 w a s  1 . 4 - f o l d  g r e a t e r  com pared  w i t h  g r o w th  a t  37 C.
o
H o w ev er ,  a f t e r  g r o w th  a t  3 0  C, w h e r e  t h e r e  w a s  a s l i g h t  d e c r e a s e  i n
t h e  o v e r a l l  r a t e  o f  r e p a i r ,  t h e  r a t e  c o n s t a n t  w a s  r e d u c e d  t o  6 0
o
p e r  c e n t  o f  t h e  v a l u e  o b t a i n e d  w i t h  37 C g r o w t h ,  w h i l s t  t h e  s l o w e r
r a t e  c o n s t a n t  a2 w as  a p p r o x i m a t e l y  20 p e r  c e n t  g r e a t e r .
o
A f t e r  g r o w th  a t  26 C, DY326 e x h i b i t e d  b i p h a s i c  r e p a i r  k i n e t i c s
o  o
w h i c h  w e r e  n o t  o b s e r v e d  a f t e r  g r o w th  a t  e i t h e r  3 0  o r  37 C.
H o w ev er ,  t h e  s l o w e r  r a t e  c o n s t a n t  a 2 w as  o n l y  56 p e r  c e n t  o f  t h e
o
v a l u e  f o r  c e l l s  grow n a t  37 C. The i n c r e a s e  i n  t h e  r a t e  o f  r e p a i r
o
o b s e r v e d  a f t e r  g r o w th  a t  3 0  C w a s  r e f l e c t e d  i n  a 17 p e r  c e n t
i n c r e a s e  i n  Of p a r t i c u l a r  s i g n i f i c a n c e  t o  t h i s  w o rk  w a s  t h e
a p p e a r a n c e  o f  a p h o t o r e a c t i v a b l e  r e s p o n s e  w i t h  254 nm U V - i r r a d i a t e d
o
AS46 a f t e r  g r o w th  a t  26 C. B e in g  a s t r a i n  w h i c h  i s  d e l e t e d  a t  t h e  
p r o p o s e d  p hrA  l o c u s  and m u t a t e d  a t  t h e  phrB l o c u s  t h i s  r a i s e s  t h e  
q u e s t i o n  a s  t o  w h e t h e r  t h e r e  i s  a t h i r d  p h r  l o c u s  i n  IS. c o l i , or  
w h e t h e r  on e  o f  t h e  'know n' l o c i  a n d /o r  g e n e  p r o d u c t ( s )  i s  
t e m p e r a t u r e - d e p e n d e n t .  As d i s c u s s e d  e a r l i e r ,  t h e r e  w a s  n o  k i n e t i c  
e v i d e n c e  i n  f a v o u r  o f  t h e  e x i s t e n c e  o f  e i t h e r  a t h i r d  PRE m o l e c u l e  
o r  o n e  or  tw o  m o l e c u l e s  h a v i n g  t h r e e  r e p a i r  a c t i v i t i e s  i n  AB24 80 
and A S 44 .
A m ore  p l a u s i b l e  s i t u a t i o n  i s  o n e  i n  w h i c h  i t  m u s t  be
r e c o g n i s e d  t h a t  e i t h e i ^ m u t a n t  phrB g e n e  p r o d u c t  d o e s  r e t a i n
sam e r e s i d u a l  p h o t o r e a c t i v a t i n g  a c t i v i t y ,  a s  s e e n  i n  D Y 326, ( o r
t h e r e  i s  a s e c o n d  p h o t o a c t i v e  p r o t e i n  from  a  t h i r d  p h r  l o c u s ) ,
w h ic h  i s  n o t  e x p r e s s e d  i n  t h e  phrA m u ta n t  b a c k g r o u n d ,  or  r e d u c e d  t o
o
a n  u n d e t e c t a b l e  l e v e l  a f t e r  g r o w th  a t  37 C ( F i g .  3 . 1 0 ) .  H ow ever ,
a s  t h e  g r o w th  t e m p e r a t u r e  i s  d e c r e a s e d ,  t h e  a c t i v i t y  o f  t h e  m u ta n t
phrB enzym e i n c r e a s e s  t o  su c h  a n  e x t e n t  t h a t  i t  c a n  be d e t e c t e d
e v e n  i n  t h e  phrA m u ta n t  b a c k g r o u n d .  I t  c o u l d  be  a r g u e d  t h a t  t h e
p h o t o l y a s e  m o l e c u l e s  i n  phrB* and phrB s t r a i n s  e x i s t  i n  a c t i v e  and
i n a c t i v e  f o r m s ,  i n  e q u i l i b r i u m  w i t h  e a c h  o t h e r ,  and t h a t  t h e
f u n c t i o n  o f  t h e  p r o p o s e d  phrA  g e n e  p r o d u c t  i s  t o  d i s p l a c e  t h e
e q u i l i b r i u m  i n  f a v o u r  o f  t h e  a c t i v e  fo r m .  Thus i t  c o u l d  be  s e e n  a s
b e i n g  p u r e l y  f o r t u i t o u s  t h a t  i n  AS46 t h e  e q u i l i b r i u m  w a s  d i s p l a c e d
s u f f i c i e n t l y  i n  t h e  r e v e r s e  d i r e c t i o n  i n  f a v o u r  o f  t h e  m u ta n t
' i n a c t i v e '  fo r m , s u c h  t h a t  t h e r e  w a s  no  p h e n o t y p i c  e x p r e s s i o n  o f
o
p h o t o e n z y m a t i c  r e p a i r  a f t e r  g r o w th  a t  37 C. W h i l s t  t h i s  m od e l
m ig h t  go some w ay to w a r d s  e x p l a i n i n g  t h e  r e l a t i o n s h i p  b e t w e e n  t h e
p h o t o r e a c t i v a b l e  r e s p o n s e s  o f  t h e  f o u r  s t r a i n s  a t  an y  o n e  g ro w th
t e m p e r a t u r e ,  i t  d o e s  a ssu m e  t h a t  e i t h e r  t h e  a c t i v e  form  o f  t h e
phrB* g e n e  p r o d u c t  h a s  tw o  r e p a i r  c a p a c i t i e s  w i t h  d i f f e r e n t  r a t e
c o n s t a n t s ,  w h e r e a s  t h e  m u ta n t  phrB g e n e  p r o d u c t  h a s  o n l y  on e  r e p a i r
a c t i v i t y ,  o r  t h e r e  i s  a s e c o n d  p h o t o a c t i v e  p r o t e i n  from  a t h i r d
l o c u s .  One g e n e r a l  t r e n d  a r i s i n g  fr o m  t h i s  g r o w th  t e m p e r a t u r e
s t u d y  w a s  a n  i n c r e a s e d  e f f e c t  o n  t h e  s l o w e r  r a t e  c o n s t a n t  w i t h
d e c r e a s i n g  t e m p e r a t u r e ,  w i t h  t h e  e f f e c t  t h a t  t h e  f a s t e r  com p on en t
w a s  r e d u c e d  i n  i m p o r t a n c e  r e l a t i v e  t o  t h e  r e m a in in g  s l e w  c o m p o n e n t .
T h i s  e f f e c t  w a s  s i m i l a r  t o  t h e  c o n c l u s i o n s  r e a c h e d  by J o h n s o n  and
H a y n e s  ( 1 9 8 6 b )  w i t h  a s e n s i t i v e  h a p l o i d  s t r a i n  o f  ^>. c e r e v i s i a e .
The f i n d i n g  t h a t  t h e  p h o t o r e a c t i v a b l e  r e s p o n s e s  o f  s t r a i n s
o
AS44 and AS46 w e r e  n o t  s i g n i f i c a n t l y  a f f e c t e d  by g r o w th  a t  3 0
o
co m p a red  w i t h  g r o w th  a t  37 C, w h e r e a s  t h e r e  w a s  d i f f e r e n c e  i n  t h e
o
PR r e s p o n s e  w h en  grow n a t  26 C, s u g g e s t s  t h a t  t h e  p o s t u l a t e d  
i n t e r a c t i v e  e f f e c t  o f  t h e  p r o p o s e d  phrA  g e n e  p r o d u c t  i s  
t e m p e r a t u r e - d e p e n d e n t .
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T he d e m o n s t r a t i o n  o f  PR i n  AS46 s u g g e s t s  t h a t  t h e  phrA  l o c u s  
d o e s  n o t  c o d e  f o r  a p h o t o l y a s e  m o l e c u l e ,  b u t  t h a t  i t  may f u n c t i o n  
t o  c o n t r o l  t h e  a c t i v i t y  o f  t h e  phrB+ g e n e  p r o d u c t  and p o s s i b l y  a 
s e c o n d  p h o t o l y a s e  m o l e c u l e  from  an  unknown l o c u s ,  b o t h  o f  w h ic h  
a p p e a r  t o  be t e m p e r a t u r e - d e p e n d e n t .
3 . 6 . 3 .  E f f e c t  o f  P r e - I l i u m i n a t i o n
T h e r e  h a v e  b e e n  r e p o r t s  i n  t h e  l i t e r a t u r e  t h a t  p r e ­
i l l u m i n a t i o n  o f  c e l l s  p r i o r  t o  i r r a d i a t i o n  c a n  r e s u l t  i n  an  
i n c r e a s e  i n  p h o t o r e a c t i v a t i n g  enzym e a c t i v i t y .  F u k u i  and L a s k o w s k i  
( 1 9  8 4 a )  u s e d  t h e  f l u e n c e - d e c r e m e n t  m eth o d  t o  shew a 2 . 8 - f o l d  
i n c r e a s e  i n  t h e  number o f  PRE m o l e c u l e s  a f t e r  g r o w th  i n  t h e  l i g h t  
c o m p a red  w i t h  g r o w th  i n  t h e  d a rk  i n  a s e n s i t i v e  h a p l o i d  s t r a i n  o f  
_S. c e r e v i s i a e . T h e se  w o r k e r s  a l s o  d e m o n s t r a t e d  a n  i n c r e a s e  i n  t h e  
f l u e n c e  d e c r e m e n t  by p r e - i l l u m i n a t i n g  d a r k -g r o w n  c e l l s  w i t h  p h o t o -  
r e a c t i v a t i n g  l i g h t  f l a s h e s  p r i o r  t o  UV i r r a d i a t i o n  (F u k u i  and  
L a s k o w s k i ,  1 9 8 4 b ) .  T h e r e  w a s  a n  a p p r o x im a t e  4 - f o l d  i n c r e a s e  i n  
c e l l s  i n  l o g a r i t h m i c  g r e w t h  com p ared  w i t h  a 1 . 3 - f o l d  i n c r e a s e  i n  
s t a t i o n a r y  g r o w th  p h a s e .
I n  a n  a t t e m p t  t o  d e t e r m i n e  i f  t h e s e  e f f e c t s  a l s o  o c c u r  i n  IS. 
c o l i , c u l t u r e s  w e r e  grew n  and h a r v e s t e d  i n  t h e  d a r k ,  and t h e  s i n g l e  
f l a s h  and c o n t i n u o u s  p h o t o r e a c t i v a t i n g  l i g h t  r e s p o n s e s  com pared  
w i t h  c u l t u r e s  g r e w n  u n d er  c o n t i n u o u s  p h o t o r e a c t i v  a t i n g  l i g h t .  In  
a d d i t i o n ,  c u l t u r e s  g rew n  and h a r v e s t e d  i n  t h e  d a r k  w e r e  s p l i t  i n t o  
t w o  a l i q u o t s ,  on e  o f  w h ic h  w a s  e x p o s e d  t o  p h o t o r e a c t i v a t i n g  l i g h t  
f o r  20  m i n u t e s  p r i o r  t o  i r r a d i a t i o n  w h i l s t  t h e  o t h e r  w a s  m a i n t a i n e d  
i n  t h e  d a r k .  I n  no  c a s e  d i d  an y  p r e - i l i u m i n a t i o n  t r e a t m e n t  a f f e c t  
e i t h e r  t h e  r a t e  or  e x t e n t  o f  p h o t o e n z y m a t i c  r e p a i r  ( d a t a  n o t
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s h e w n ) .  R e c e n t l y ,  S a n c a r  e t  a l .  ( 1 9 8 7 b )  h a v e  r e p o r t e d  u n p u b l i s h e d  
r e s u l t s  t h a t  p r e - i l l u m i n a t i n g  t h e  c l o n e d  phrB g e n e  p r o d u c t  _in v i t r o  
u n d e r  a n a e r o b i c  c o n d i t i o n s  (a n d  t e s t i n g  f o r  a c t i v i t y  i m m e d i a t e l y  
a f t e r w a r d s )  r e s u l t s  i n  a 5 - f o l d  i n c r e a s e  i n  t h e  quantum  e f f i c i e n c y .
Harm and R u p e r t  (197  6 ) h a v e  show n t h a t  ERE from  y e a s t  e x h i b i t s  
i n c r e a s e d  a c t i v i t y  u s i n g  t h e  t r a n s f o r m i n g  DNA a s s a y  _in v i t r o  when  
i t  w a s  p r e - i l l u m i n a t e d .  The a c t i o n  s p e c tr u m  f o r  p r e - i l l u m i n a t i o n  
w a s  s i m i l a r  t o  t h a t  f o r  p h o t o r e a c t i v a t i o n ,  h o w e v e r ,  l i g h t  o f  
w a v e l e n g t h s  up t o  546 nm w a s  s t i l l  e f f e c t i v e .  I n  a d d i t i o n ,  
p r e - i l l u m i n a t e d  enzym e w a s  m ore  s t a b l e  t o  t h e r m a l  i n a c t i v a t i o n .
3 . 7  P h o t o r e a c t i v a t i o n  a f t e r  A c e t o p h e n o n e - S e n s i t i z e d  313 nm 
UV I r r a d i a t i o n
H a v in g  d e m o n s t r a t e d  t h a t  AB24 80  and AS44 p h o t o r e a c t i v a t e  254  
nm U V - in d u c e d  damage w i t h  b i p h a s i c  k i n e t i c s ,  i t  w a s  p o s t u l a t e d  t h a t  
t h i s  may r e f l e c t  d i f f e r e n t  r e p a i r  c a p a c i t i e s  t c w a r d s  t h e  v a r i o u s  
d im e r  s p e c i e s ,  n a m ely  T -T , T-C and C-C. As d i s c u s s e d  p r e v i o u s l y  
( s e e  I n t r o d u c t i o n ,  S e c t i o n  1 . 2 . 7 ) ,  Lam ola  and Yamane ( 1 9 6 7 )  
d e m o n s t r a t e d  t h e  e f f i c i e n t  p r o d u c t i o n  o f  T-T  d im e r s  w i t h  313  nm UV 
i r r a d i a t i o n  an d  a c e t o p h e n o n e  a s  a p h o t o s e n s i t i z e r .  They  fo u n d  t h e  
i n i t i a l  i n d u c t i o n  r a t i o  o f  T -T :T -C :C -C  t o  be a p p r o x i m a t e l y  
1 . 0 : 0 . 0 1 : 0 . 0 0 5 ,  r e s p e c t i v e l y .  T h i s  i r r a d i a t i o n  m e th o d  w a s  u s e d  t o  
e s t a b l i s h  t h e  p h o t o r e a c t i v a b i l i t y  o f  T-T d i m e r s .
3 . 7 . 1 .  A c e t o p h e n o n e - S e n s l t i z e d  313 nm UV I n a c t i v a t i o n  and  
F l a s h  P h o t o l y s i s
o
C e l l  s u s p e n s i o n s  o f  c u l t u r e s  grow n a t  37 C w e r e  p r e p a r e d  i n  M9 
s a l t s  s o l u t i o n  w i t h  0 . 1  p e r  c e n t  a c e t o p h e n o n e .  D im e t h y l  s u l p h o x i d e  
w a s  a d d e d  t o  2 p e r  c e n t  v / v  t o  e n s u r e  c o m p l e t e  s o l u b i l i t y  o f  t h e
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o
a c e t o p h e n o n e  a t  0 C. H o d g es  e t  a l .  ( 1 9 8 0 )  h a v e  shew n t h a t
ace to p h en o n e  a t  a c o n c e n t r a t i o n  o f  0 .1  p e r  c e n t  v / v  c a u s e s  a h i g h
d e g r e e  o f  s e n s i t i z a t i o n .  The c e l l  s u s p e n s i o n  w a s  t r a n s f e r r e d  t o
t h e  j a c k e t e d  c u v e t t e ,  and 5 m i n u t e s  a l l o w e d  t o  e l a p s e  f o r
t e m p e r a t u r e  e q u i l i b r a t i o n  t o  0 ° C .  Graded f l u e n c e s  o f  313 nm UV
- 2
r a d i a t i o n  w e r e  g i v e n  a t  a f l u e n c e  r a t e  i n  t h e  r a n g e  1 . 0 - 2 . 0  Wm , 
a f t e r  w h ic h  s a m p le s  w e r e  t a k e n  t o  a s s a y  s u r v i v a l  and f l a s h  
r e c o v e r y .  For m e a s u r e m e n t  o f  t h e  h i g h - i n t e n s i t y  f l a s h  r e c o v e r y ,  t h e  
c e l l  s a m p le s  w e r e  d i l u t e d  100 - f o l d  t o  r e d u c e  t h e  p o s s i b i l i t y  o f  any  
c o n c o m i t a n t  l e t h a l  e f f e c t s .  The s u r v i v a l  c u r v e s  and h i g h  i n t e n s i t y  
f l a s h  r e s p o n s e s  o f  t h e  f o u r  s t r a i n s  a r e  shown i n  F i g s .  3 . 3 4 - 3 . 3 5 ,  
p l o t t e d  a g a i n s t  t h e  c o r r e c t e d  313 nm f l u e n c e  a f t e r  a p p l i c a t i o n  o f  
t h e  M o rcw itz  f a c t o r  ( M o r c w i t z ,  1 9 5 0 ) .  In  c a l c u l a t i n g  t h e  
c o r r e c t i o n  f a c t o r  i t  w a s  a s su m e d  t h a t  t h e r e  w a s  e f f i c i e n t  s t i r r i n g  
o f  t h e  b a c t e r i a l  s u s p e n s i o n ,  i n  w h ic h  c a s e  any o n e  o f  t h e  
i r r a d i a t e d  b a c t e r i a l  c e l l s  had  a n  e q u a l  p r o b a b i l i t y  o f  b e i n g  fo u n d  
i n  a n y  on e  p l a c e  i n  t h e  c u v e t t e .  The c o r r e c t i o n  f a c t o r  w a s  e q u a l  
t o  t h e  mean r e l a t i v e  t r a n s m i s s i o n  o f  t h e  s u s p e n s i o n :
D o s e  c o r r e c t i o n  fa c t<
w h e r e  A = a b s o r b a n c e  
1 = p a t h  l e n g t h
The a b s o r b a n c e  w a s  o b t a i n e d  by  
b e h i n d  t h e  i r r a d i a t i o n  c u v e t t e  
r a d i a t i o n  t r a n s m i t t e d  t h r o u g h  
a c e t o p h e n o n e .  The a b s o r b a n c e
2 .3 0 3 A
- 2 . 3 0 3 A1 -  e
2 .3 0 3
p l a c i n g  t h e  c a l i b r a t e d  t h e r m o p i l e  
and m e a s u r in g  t h e  amount o f  
knewn c o n c e n t r a t i o n  o f  
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CORRECTED 313 nm FLUENCE (Jm 2)
Fig. 3.34. Survival curves for AB2480 (Panel A) and AS44 (Panel B) after acetophenone-
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CORRECTED 313 nm FLUENCE (Jm ).
Fig. 3.35, Survival curves for DY326 (Panel A) and AS46 (Panel B) after acetophenone*-
sensitised 313 nm UV (closed symbols) and a single light flash (open symbols).
A p p e n d ix  A 3 . The d o s e  c o r r e c t i o n  f a c t o r  w a s  c a l c u l a t e d  t o  be  0 . 6 .  
The s u r v i v a l  p a r a m e t e r s  from  r e p l i c a t e  e x p e r i m e n t s  a r e  show n i n  
T a b l e  3 . 1 3 .  The d a t a  p e r t a i n i n g  t o  t h e s e  p a r a m e t e r s  a r e  i n c l u d e d  
i n  T a b l e s  A 4 . 4 2 - 4 5 .  T h e s e  p a r a m e t e r s  h a v e  b e e n  com p ared  by an  
a n a l y s i s  o f  c o v a r i a n c e ,  m e a s u r in g  t h e  c h a n g e  i n  F - r a t i o  w h en  t h e  
i n d i v i d u a l  r e g r e s s i o n  m o d e l  f o r  t h e  p o o l e d  d a t a  f o r  e a c h  s t r a i n  w a s  
co m p a red  w i t h  t h e  r e g r e s s i o n  m o d e l  f o r  A B 2480 . T he s l o p e  l o c a t i o n s  
f o r  AS44 and AS46 w e r e  s i g n i f i c a n t l y  d i f f e r e n t  g i v i n g  c h a n g e s  i n  
F - r a t i o  o f  1 0 2 . 8 2  and 5 3 . 5  w i t h  1 and 8 3 ,  and 1 and 85 d e g r e e s  o f  
f r e e d o m ,  r e s p e c t i v e l y .  The s l o p e  l o c a t i o n  f o r  DY326 y i e l d e d  a 
c h a n g e  i n  F - r a t i o  o f  0 . 5 0 3  w i t h  1 and 84 d e g r e e s  o f  f r e e d o m .  The 
c r i t i c a l  v a l u e  on  t h e  F - d i s t r i b u t i o n  a t  t h e  5% c o n f i d e n c e  i n t e r v a l  
l i e s  b e t w e e n  3 . 9 2  and 4 . 0 ,  i n d i c a t i n g  t h a t  t h e r e  w a s  n o  s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  i n a c t i v a t i o n  c o e f f i c i e n t s  b e t w e e n  AB2480 and  
DY326 ( p > 0 . 0 5 ) .  A c o m p a r i s o n  o f  t h e  s l o p e s  o f  AS44 and AS46 
i n d i c a t e d  t h a t  t h e  s l o p e  o f  t h e  l a t t e r  w a s  s t a t i s t i c a l l y  
s i g n i f i c a n t l y  g r e a t e r ;  t h e  c h a n g e s  i n  F - r a t i o  b e i n g  3 1 . 8 4  w i t h  1 
and 43 d e g r e e s  o f  f r e e d o m .  I t  w o u ld  a p p e a r  t h a t  t h e r e  i s  a n  
i n h e r e n t  d i f f e r e n c e  i n  s e n s i t i v i t y  b e t w e e n  t h e  s t r a i n s  w h ic h  i s  n o t  
w h o l l y  a t t r i b u t a b l e  t o  t h e i r  phr g e n o t y p e .  S t r a i n s  A B2480 and  
DY326 a r e  n e i t h e r  i s o g e n i c  w i t h  e a c h  o t h e r  nor  w i t h  AS44 and A S 4 6 . 
H ow ever ,  AS44 and AS46 a r e  i s o g e n i c  w i t h  e a c h  o t h e r  e x c e p t  f o r  
b e i n g  phrB * and p h r B , r e s p e c t i v e l y .  Thus i t  c o u l d  b e  a r g u e d  t h a t  
t h e  d e c r e a s e  i n  s e n s i t i v i t y  o f  AS44 com pared  w i t h  AS46 c o u l d  be due  
t o  c o n c o m i t a n t  p h o t o r e a c t i v a t i o n  d u r in g  313 nm i r r a d i a t i o n .  T h i s  
d o e s  seem  u n l i k e l y  b e c a u s e  t h e  h a l f - p e a k  b a n d w id th  a t  313  nm w a s  7 
nm and t h e  J fy la r -C  f i l t e r  c u t  o f f  r a d i a t i o n  b e lc w  3 1 0  nm, w h i l s t  
t h e  e a r l i e r  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  w a v e l e n g t h  o f  p h o t o -  
r e a c t i v a t i n g  l i g h t  i n d i c a t e d  n o  d e t e c t a b l e  p h o t o r e a c t i v a t i o n  b e lo w
T a b l e  3 . 1 3  SURVIVAL PARAMETERS FOR ACETONH1ENONE-SENSITIZED 313NM INACTIVATION AT O^C FLASH 
PHOTOLYSIS AT 2 5 ^  FOR AB24 8Q, A S44, DY326 AND AS46 GROWN AT 3 7 °C
STRAIN TREATMENT EXPT. SLOPE STANDARD ERROR INTERCEPT STANDARD ERROR ' k2 -1 •n '
No. ( l o g  1 0 ) OF SLOPE OF INTERCEPT (Jm )
AB2480 313  nm + ACP 4 2 a - 2 . 8 2 3 x 1  o” 2 4 . 9 5 4 x 1 o""4 1 . 1 9 6 4 x 1 0~* 4 . 4  O lx l  O’"2 6 . 5 x l o “2 1 . 3 2
313 nm + ACP 42b - 2 . 9  8 0 x 1 0 4 . 5 6 x 1 0 2 . 4 4 x 1 0 3 . 6  8 x 1 0  2 6 . 86x 10 1 . 7 5
313  nm + ACP 4 2c - 2 . 86x 10 4 . 1 8 x 1 0 1 . 3 2 6 x 1 0  4 2 . 7  9 x 1 0 6 . 5  8 x 1 0 1 . 3 6
313 nm + ACP 4 2d - 2 . 7 3 x 1 0 1 . 4 3 x 1 0 4 . 7 6 x 1 0 1 . 2 6 7 x 1 0 6 . 2 8 x 1 0 1 . 1 6
TOTAL -2  . 8 1 x 1 0""2 3 . 3 6 x 1 O” 4 1 . 0 9 x 1 0_1 2 . 7 4 x 1 O”2 6 . 4 7 x l 0 ""2 1 . 2 9
FLASH 4 2 a - 1 . 7 8 5 x 1 O"2 1 . l l x l  o ’"3 1 . 0 5 x l 0 - 2 4 . l l x l o ”2 4 . l l x l o "2 1 . 1 7
FLASH 4 2b - 1 . 8 1 2 x 1 0 2 . 3 6 x 1 0 7 . 2 1 x 1 0 9 . 2 8 x 1 0 4 . 1 7 x 1 0 1 . 1 8
TOTAL - 1 . 7  9 8 x lO ~ 2 1 . 9 1 x l 0 “ 4 7 .0 3 x 1  o""2 2 . 5 1 x l O ~ 3 4 . 1 4 x 1 o”2 1 . 1 7 6
AS44 313 nm + ACP 4 3 a - 3  .8 3  3x1 o""2 1.6  8x lO ~3 3 . 4  4x1  O’" J 1 . 22x 1 O*"^ 8 . 8 3 x 1 0 ~ 2 2 .2 1
313 nm + ACP 43b - 3 . 6  8 2 x 1 0 2 . 9 0 x 1 0 3 . 4 2 x 1 0 2 . 0 3 x 1 0 8 . 4 3 x 1 0 2 .2 0
313  nm + ACP 4 3 c - 3 . 4 4 0 x 1 0 1 . 1 7 x 1 0  * 3 . 4 7 x 1 0 8 . 5  8 x 1 0  2 7 . 9 2 x 1 0 2 .22
3 1 3  nm + ACP 43 d - 3 . 7  5 1 x 1 0 1 . 0 4 x 1 0 3 . 4 7 x 1 0 6 . 8 0 x 1 0 8 . 6 4 x 1 0 2 .22
TOTAL - 3 . 6 7 6 x l 0 ’ 2 1 . 6 9 x 1 0_3 3 . 4  5 x 1 0""1 2 . 4  5x1 O’"3 8 . 4 6 x 1 O- 2 2 .2 1
FLASH 4 3 a - 3 . 3 1 0 x 1  O’"2 1 . 5 l l x l o ”3 1 . 0 7 x l 0 ~ * 1 . 0 1 x 1  O’"2 7 .6  2x 1 o” 2 1 . 2 3
FLASH 43b - 3 . 3  9 2 x 1 0 2 . 5 1 x 1 0 1 . 11x10 3 . 6  8 x 1 0 7 . 8 1 x 1 0 1 . 2 9
TOTAL - 3 . 3 5 1 x 1 0 ~ 2 5 . 8 x l 0 “4 1 . 0 9 x 1 0  ^ 2 . 8 3 x lO ~ 3 7 .7  2x1 O'"2 1 . 2 8




( l o g  1 0 )
STANDARD ERROR 
OF SLOPE
INTERCEPT STANDARD ERROR 
OF INTERCEPT fT(Jm )
' n '
DY326 313 nm + ACP 4 4 a - 2 .9 0 1 x 1 0 * ” 2 7 . 5  2x10*" 4 2 . 1 5 2 x 1 o” ^ 6 . 8x l 0”2 6 .6 8x lO ~2 1 . 6 4
313  nm + ACP 44b - 3 . 0 9 x 1 0 1 . 7 7 x 1 0  3 1 . 7 0 x 1 0 7 . 1 2 x 1 0 7 . 1 2 x 1 0 1 . 7 1
31 3  nm + ACP 4 4 c - 2 . 9 2 x 1 0 3 . 1 5 x 1 0 9 . 3 7 x 1 0  3 2 . 3 2 x 1 0 6 . 7  2 x 1 0 1.02
313  nm + ACP 4 4d - 3 . 1 4  9 x 1 0 9 . 0 5 x 1 0 4 . 6 0 x 1 0 7 . 2 5 x 1 0 7 . 2 5 x 1 0 1 . 2 3
TOTAL - 3 . 0 1 5 x 1 O- 3 1 .2 3 x 1  O*”3 1 .3 7 X 1 0 ”1 1 .0 6 X 1 0 ” 1 6 . 9 4 x l 0 ”2 1 . 3 7
FLASH 4 4 a - 2 . 88x l o ”2 6 . 3  8x lO ~4 9 . 2 2 x 1 O”2 2 . 86x 1 o""2 6 . 6 5 x 1 o“ 2 1 . 2 4
FLASH 44b - 2 . 9 1 x 1 0 5 . 2 3 x 1 0 1 . 0 8 x 1 0 6 . 3 4 x 1 0 6 . 7 0 x 1 0 1 . 2 8
TOTAL - 2 . 8 9 5 x 1 O- 2 2 . 12x 10” 4 l . O O l x l o ”1 l . l l x i o ”2 6 . 6 7 x l 0 ” 2 1 . 2 6
AS46 313 nm + ACP 4 5 a - 4 . 4 4 2 x 1 0” 2 2 . O lx lO ”3 1 . 9 6  9x10"^ 1 . 12x 10” ^ 1.023x10"*^ 1 .5 7
313 nm + ACP 4 5b - 4 . 7 5 x 1 O”2 1 . 4 4 x 1 0  3 2 . 9 5 x 1 0  2 6 . 7 6 x 1 0  3 1 . 0 9 x 1 0  J 1 .0 7
313 nm + ACP 4 5c - 4 . 6 7 x 1 0 5 . 2 4 x 1 0 1 . 9 4 x 1 0 3 . 4  8 x 1 0 1 . 0 7 x 1 0 1 . 0 5
TOTAL - 4 . 6 0 3 x l 0 ~ 2 1 . 6  9 x l 0 ”3 1 . 08x1  O*"1 9 . 6 7 x 1  o ”1 1 . 0 6 x 1 0 _1 1 . 2 8
FLASH 4 5 a - 4 . 0 8 x l 0 “ 2 1 . 01x10  3 l . O S x I o ” * 5 . 1 4 x 1 o” 2 9 . 4 x l o ”2 1 . 2 8
FLASH 4 5b - 4 . 3 1 x 1 0 3 . 1 8 x 1 0 9 . 5 2 x 1 0 1 . 0 9 x 1 0 9 . 9 2 x 1 0 1 . 2 5
TOTAL - 4 . 2 0 x 1 o ’ 2 1 . 6 3 x 1 0~3 1 . 02x 1 O*"1 9 . 0 5 x 1  o""3 9 . 6 7 x 1 0 ~ 2 1 . 2 6
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3 5 0  nm ( S e c t i o n  3 . 5 ) .  The f l u e n c e  d e c r e m e n t s  r e s u l t i n g  frcm  one
f l a s h  o f  p h o t o r e a c t i v a t i n g  l i g h t  f o r  AB2480 and AS44 w e r e  3 8 . 0  +_
- 2
2 . 8  and 1 0  + 1 . 2  Jm , r e s p e c t i v e l y .  T h e r e  i s  n o  p u b l i s h e d  v a l u e
- 2
f o r  t h e  i n d u c t i o n  o f  th y m in e  d im e r s  p e r  Jm o f  0 . 1  p e r  c e n t  
a c e t o p h e n o n e - s e n s i t i z e d  313 nm UV r a d i a t i o n ,  s o  a  q u a n t i t a t i v e  
c o m p a r i s o n  o f  t h e  num bers o f  PRE m o l e c u l e s  p e r  c e l l  w a s  n o t  
p o s s i b l e .  H o w ev er ,  i t  i s  p o s s i b l e  t o  s a y  t h a t  t h e  number o f  PRE- 
s u b s t r a t e  c o m p l e x e s  w a s  3 . 8  f o l d  g r e a t e r  w i t h  AB2480 com p ared  w i t h  
A S 44 . A s i m i l a r  c o m p a r i s o n  a f t e r  254 nil UV i n a c t i v a t i o n  y i e l d e d  a  
v a l u e  o f  3 . 3 ,  i n d i c a t i n g  n o  s i g n i f i c a n t  v a r i a t i o n  i n  f l a s h  r e s p o n s e  
b e t w e e n  a m ix e d  p o p u l a t i o n  o f  d im e r  s u b s t r a t e s  and  o n e  c o n s i s t i n g  
l a r g e l y  o f  T-T  d i m e r s .  No f l u e n c e - d e c r e m e n t  w a s  o b t a i n e d  w i t h  
e i t h e r  DY326 o r  A S 4 6 .
3 . 7 . 2  P h o t o r e a c t i v a t i o n  w i t h  C o n t in u o u s  I l l u m i n a t i o n
C e l l  s u s p e n s i o n s  c o n t a i n i n g  0 . 1  p e r  c e n t  a c e t o p h e n o n e  w e r e
- 4r e d u c e d  t o  a p p r o x i m a t e l y  1 x  10  s u r v i v i n g  f r a c t i o n  w i t h  an
a p p r o p r i a t e  f l u e n c e  o f  313 nm UV r a d i a t i o n .  T he s u s p e n s i o n  w a s
t h e n  d i l u t e d  1 0 0 - f o l d  w i t h  M9 s a l t s  s o l u t i o n ,  h e l d  a t  25°C  f o r  2 0
m i n u t e s  and t h e n  e x p o s e d  t o  c o n t i n u o u s  p h o t o r e a c t i v a t i n g  l i g h t  a t  a
- 2f l u e n c e  r a t e  o f  17 Wra f o r  t i m e  p e r i o d s  b e t w e e n  3 0  s e c o n d s  and  3 
h o u r s .  A s i n g l e  h i g h  i n t e n s i t y  f l a s h  w a s  g i v e n  a t  t h e  s t a r t  o f  
e a c h  p h o t o r e a c t i v a t i n g  l i g h t  t r e a t m e n t .  C o n c o m i t a n t l y  run  c o n t r o l  
e x p e r i m e n t s  u s i n g  n o n - i r r a d i a t e d  c e l l s  e x p o s e d  t o  t h e  PR l i g h t  and  
i r r a d i a t e d  c e l l s  h e l d  i n  t h e  d ark  d i d  n o t  shew any i n c r e a s e d  
l e t h a l i t y .  H o d g e s  e t  a l .  ( 1 9 8 0 )  h a v e  shew n t h a t  p r e - i r r a d i a t i o n  o f  
a c e t o p h e n o n e  d o e s  n o t  s i g n i f i c a n t l y  a f f e c t  i t s  a b i l i t y  t o  s e n s i t i z e  
i n a c t i v a t i o n .
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Fig♦ 3.36. Photoreactivation at 25°C of acetophenone-
sensitised 313 nm inactivated AB2480 (A), AS44 (O), DY326 (□)
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Fig. 3.37. 1-P analysis of the photoreactivation rate at 25°C 
of acetophenone-sensitised, 313 nm inactivated AB2480 (a ), 
AS44 (O), DY326 (□) and AS46 (O) .
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Fig. 3.38. Lethal hit analysis of the photoreactivation rate at 25°C of acetophenone-sensitised, 313 nm
inactivated AB2480 (Panel A), AS44 (Panel B) and DY326 (Panel C) (closed symbols) and after subtraction of
the slow component (open symbols).
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d a t a  p e r t a i n i n g  t o  them  a r e  i n c l u d e d  i n  T a b l e s  A 4 .4 6 - 4 8 .  T h e se  
d a t a  h a v e  b e e n  a n a l y s e d  by t h e  ( 1 - P )  m eth o d  and  t h e  ' l e t h a l  h i t '  
m eth o d  and a r e  shown i n  t h e s e  f o r m s  i n  F i g s .  3 . 3 7  and 3 . 3 8 .  The  
i n i t i a l  r a t e s  o f  p h o t o r e a c t i v a t i o n  from  t h e  ( 1 - P )  a n a l y s e s  and t h e  
r e p a i r  p r o b a b i l i t i e s  f o r  t h e  ' l e t h a l -  h i t '  a n a l y s e s  a r e  i n c l u d e d  i n  
T a b l e s  3 . 1 4  and 3 . 1 5 ,  r e s p e c t i v e l y .
T a b l e  3 . 1 4  C o m p a r iso n  o f  t h e  i n i t i a l  r a t e s  o f  p h o t o ­
r e a c t i v a t i o n  and e s t i m a t e s  o f  t h e  number o f
o
PRE m o l e c u l e s  p e r  c e l l  a t  25—C a f t e r  0 . 1%
a c e t o p h e n o n e - s e n s i t i z e d  313 nm i r r a d i a t i o n .
The 254  nm d a t a  from  T a b l e  3 . 4 i s  sh ew n  i n
t h e  p a r e n t h e s e s
STRAIN RATE 
(xio""3 ) ( s _ 1 )
NUMBER OF PRE 
MOLECULES PER CELL
AB2480 1 2 . 0 4 ( 1 1 . 5 0 ) 6 . 6 9 ( 6 . 3 9 )
AS44 2 . 7 6 ( 3 . 5 0 ) 1 . 5 3 ( 1 . 9 4 )
DY326 0 . 0 1 7 ( 0 . 0 6  2) 0 . 0 0 9 4 ( 0 . 0 3 4 )
AS46 -  ( - ) “ ( - )
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T a b l e  3 . 1 5  P h o t o r e a c t i v a t i o n  r a t e  a n a l y s i s  o f  AB24 8 0 ,  
A S 4 4 f DY326 and AS46 a f t e r  a c e t o -
p h e n o n e - s e n s i t i z e d  313 nm UV i r r a d i a t i o n .
t h e  254  nm d a t a  a r e  i n c l u d e d i n  p a r e n t h e s e s
STRAIN a ^ (m in  ) a ^ m i n  )
AB2480 - 0 . 9 6 9 ( - 1 . 0 3 6 ) - 0 . 1 5 2 ( - 0 . 1 6 7 )
AS44 - 0 . 3 4 6 ( - 0 . 6 1 9 ) - 0 . 0 6 5 ( 0  . 07 87 )
DY326 -  ( - ) - 0 . 0 1 4 4  ( - 0 . 0 4 0 1 )
When t h e s e  d a t a  w e r e  a n a l y s e d  by e i t h e r  o f  t h e  t w o  m e t h o d s ,  i t  w a s  
a p p a r e n t  t h a t  t h e  r a t e  o f  r e p a i r  o f  AB2480 w a s  n o t  s i g n i f i c a n t l y  
a f f e c t e d  i r r e s p e c t i v e  o f  t h e  r e l a t i v e  r a t i o  o f  t h y m in e  d i m e r s .  The  
e s t i m a t e  o f  t h e  r a t e  o f  r e p a i r  from  t h e  ( 1 - P )  a n a l y s i s  w a s  s l i g h t l y  
g r e a t e r  a f t e r  a c e t o p h e n o n e - s e n s i t i z e d  313 nm i r r a d i a t i o n  co m p a red  
w i t h  2 5 4  ran UV i r r a d i a t i o n ,  w h e r e a s  t h e  l e t h a l - h i t  a n a l y s i s  
i n d i c a t e d  a m a r g i n a l l y  s l c w e r  r a t e .  T h i s  p r o b a b l y  a r o s e  due t o  
d i f f i c u l t y  i n  m e a s u r i n g  t h e  i n i t i a l  r a t e  o f  r e p a i r  from  t h e  ( 1 - P )  
a n a l y s i s  w h ic h  w a s  m a r k e d ly  c u r v e d  e v e n  a f t e r  s h o r t  p e r i o d s  o f  
p h o t o r e a c t i v a t i o n .  I n  c o n t r a s t  t o  A B 2480, b o t h  AS44 and DY326 
s h o w ed  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  r a t e  o f  r e p a i r ;  t h e  v a l u e s  
b e i n g  79  and 27 p e r  c e n t  o f  t h e  v a l u e s  o b t a i n e d  a f t e r  254  nm UV 
i r r a d i a t i o n .  W ith  A S44 , t h i s  w a s  r e f l e c t e d  i n  a 4 5  p e r  c e n t  
d e c r e a s e  i n  t h e  f a s t e r  r e p a i r  c o n s t a n t  a ^ ,  w h i l s t  t h e  s l o w e r  r a t e  
c o n s t a n t  a w a s  r e d u c e d  by 17 p e r  c e n t .  Thus t h e  f a s t e r  r a t e  
c o n s t a n t  made a r e l a t i v e l y  s m a l l e r  c o n t r i b u t i o n  t o  t h e  r a t e  o f
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r e p a i r .  The 7 3  p e r  c e n t  r e d u c t i o n  i n  t h e  r a t e  o f  r e p a i r  o f  DY326 
w a s r e f l e c t e d  i n  a 64  p e r  c e n t  d e c r e a s e  i n  t h e  r a t e  c o n s t a n t  ot^.
T a k e n  t o g e t h e r  t h e s e  d a t a  s u g g e s t  t h a t  t h e  b i p h a s i c  r e p a i r  
k i n e t i c s  o b s e r v e d  w i t h  b o t h  A B2480 and AS44 w e r e  n o t  s o l e l y  
a t t r i b u t a b l e  t o  s u b s t r a t e  h e t e r o g e n e i t y ,  b e c a u s e  t h e  p h o t o r e p a i r  
k i n e t i c s  a r e  s i m i l a r l y  b i p h a s i c  e v e n  w hen t h e  s u b s t r a t e  w a s  
e s s e n t i a l l y  on e  s p e c i e s  o f  d im e r .  T h e r e f o r e ,  i t  m u st  be c o n c l u d e d  
t h a t  t h e  p h o t o l y a s e  m o l e c u l e ( s )  e x h i b i t ( s )  t w o  r e p a i r  c a p a c i t i e s  
e v e n  t c w a r d s  a n  e s s e n t i a l l y  h o m o g e n e o u s  s u b s t r a t e .  I t  i s  a x i o m a t i c  
t h a t  H u s a i n  and  S a n c a r  (1 9  8 7 a )  h a v e  fo u n d  b i p h a s i c  d ark  
d i s s o c i a t i o n  k i n e t i c s  ( k 2 ) w i t h  t h e  p u r i f i e d  phrB g e n e  p r o d u c t  o n  a  
s y n t h e t i c  4 3 - b p  o l i g o m e r  c o n t a i n i n g  a s i n g l e  T-T d im e r .
A p p r o x im a t e ly  8 5 - 9 5  p e r  c e n t  o f  p r e - e x i s t i n g  e n z y m e - s u b s t r a t e  
c o m p l e x e s  d i s s o c i a t e d  w i t h  a r a t e  c o n s t a n t  (k^ ) 100- f o l d  h i g h e r  
t h a n  t h e  r e m a i n i n g  c o m p l e x e s ,  a s  m e a s u r e d  by t h e  c o m p e t i n g -  
s u b s t r a t e  m eth o d  i n  t h e  g e l  r e t a r d a t i o n  a s s a y .  The a u t h o r s  
r e p o r t e d  u n p u b l i s h e d  o b s e r v a t i o n s  t h a t  t h i s  phenom enon  w a s  n o t  
a t t r i b u t a b l e  t o  t h e  FAD o r  ' s e c o n d '  c h r o m o p h o r e ,  and c o n c l u d e d  t h a t  
o t h e r  f a c t o r s  s u c h  a s  " p a r t i a l l y  u n f o l d e d  e n z y m e ’ o r  s u b s t r a t e  i n  
non -B  form  may c o n t r i b u t e  t o  t h e  b i p h a s i c  d i s s o c i a t i o n  k i n e t i c s .  
F u r t h e r m o r e ,  S ty le s  e t  a l .  ( 1 9 8 7 )  h a v e  u s e d  t h e  c l o n e d  phrB g e n e  
p r o d u c t  and t h e  UVR ABC e x c i n u c l e a s e  s y s t e m  _in v i t r o  t o  shew t h a t  
T-T d im e r s  a r e  g o o d  s u b s t r a t e s  f o r  b o t h  b i n d i n g  and  p h o t o l y s i s ,  
w h e r e a s  T -C , C-T and i n  p a r t i c u l a r  C-C d im e r s  a r e  n e i t h e r  bound  
e f f i c i e n t l y  by t h e  DNA p h o t o l y a s e  ( d e t e r m i n e d  by l a c k  o f  
s t i m u l a t i o n  o f  ABC e x c i n u c l e a s e  a c t i v i t y )  n o r  r e p a i r e d  e f f i c i e n t l y  
( f a i l u r e  t o  rem o v e  M. l u t e u s  UV e n d o n u c l e a s e  s e n s i t i v e  s i t e s ) .  I t  
w a s  a p p a r e n t  from  t h e s e  f i n d i n g s  t h a t  t h e  b i p h a s i c  r e p a i r  k i n e t i c s  
r e p o r t e d  i n  t h i s  s t u d y  w e r e  n o t  s i m p l y  a t t r i b u t a b l e  t o  t h e  a c t i o n
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o f  an  h o m o g e n e o u s  enzym e o n  a n  h e t e r o g e n e o u s  s u b s t r a t e  nor t o  t h e  
e f f e c t  o f  an  enzym e w i t h  tw o  r e p a i r  c a p a c i t i e s  a c t i n g  o n  a 
h o m o g e n e o u s  s u b s t r a t e .  The l a t t e r  h y p o t h e s i s  o f  a n  en zym e h a v i n g  
t w o  ( o r  m o r e )  r e p a i r  c a p a c i t i e s  d o e s  seem  m ore  p l a u s i b l e  and w o u ld  
s u p p o r t  t h e  d a t a  o f  H u s a in  and S a n c a r  ( 1 9 3 7 a ) ,  h o w e v e r ,  i n  t h i s  
s i t u a t i o n ,  we m i g h t  r e a s o n a b l y  e x p e c t  t o  o b s e r v e  m u l t i p h a s i c  ( > 2 ) 
r e p a i r  k i n e t i c s  w i t h  an h e t e r o g e n e o u s  s u b s t r a t e .
As d i s c u s s e d  a b o v e ,  t h e  r a t e  o f  r e p a i r  o f  a c e t o p h e n o n e -  
s e n s i t i z e d  313 nm U V - in d u c e d  damage o b s e r v e d  w i t h  AS44 w as  
p r o p o r t i o n a t e l y  s l c w e r  t h a n  a f t e r  254 nm U V - in d u c e d  damage com pared  
w i t h  A B 2480 . W h i l s t  i t  i s  p r o b l e m a t i c  t o  s u g g e s t  a s p e c i f i c  r e a s o n  
f o r  t h i s  e f f e c t  b e c a u s e  o f  t h e  i n h e r e n t  d i f f e r e n c e s  i n  
p h o t o s e n s i t i z e d  313 nm s e n s i t i v i t y  ( T a b l e  3 . 1 3 )  i t  i s  p o t e n t i a l l y  
a t t r i b u t a b l e  t o  t h e  d e l e t i o n  o f  t h e  p r o p o s e d  phrA g e n e .  T h e s e  d a t a  
s u g g e s t ,  b u t  do n o t  c o n f i r m ,  t h e  h y p o t h e s i s  t h a t  t h e  p r o p o s e d  phrA  
g e n e  p r o d u c t  e n h a n c e s  t h e  a b i l i t y  o f  t h e  phrB g e n e  p r o d u c t  t o  
m o n o m e r iz e  t h y m i n e - t h y m i n e  d i m e r s .  I t  s h o u l d  be n o t e d  t h a t  d e s p i t e  
t h e  d i f f e r e n c e s  i n  s e n s i t i v i t y  b e t w e e n  A B2480 and A S 4 4 , t h e  p h o t o -  
r e a c t i v a b l e  s e c t o r  a f t e r  a c e t o p h e n o n e - s e n s i t i z e d  313 nm UV 
i r r a d i a t i o n  f o r  b o t h  s t r a i n s  w a s  0 . 86 ; e s t i m a t e d  fr c m  t h e  p h o t o ­
r e a c t i v a t i o n  p l o t s  o f  F i g .  3 . 3 6 .  T h i s  w a s  l c w e r  t h a n  t h e  v a l u e  o f
0 . 9 8  r e p o r t e d  by H o d g es  e t  a l .  ( 1 9 8 0 )  f o r  AB2480, f o r  w h ic h  t h e r e
i s  n o  s a t i s f a c t o r y  e x p l a n a t i o n .  H o w ever , t h e s e  w o r k e r s  d i d  e x t e n d
- 2
t h e  f l u e n c e  r a n g e  s t u d i e d  t o  4 5 0 0  Jm , and n o t e d  a b i p h a s i c
r e s p o n s e  i n  t h e  s u r v i v a l  c u r v e  a f t e r  m ax im al p h o t o r e a c t i v a t i o n .
%
The g r a d i e n t  o f  t h e  s l o p e  a f t e r  h i g h  UV f l u e n c e s  w a s  l e s s  t h a n  t h a t  
a f t e r  lo w  UV f l u e n c e s .
B o t h  t h e  l e w  r a t e  and  e x t e n t  o f  r e p a i r  o b s e r v e d  w i t h  DY326 
( F i g .  3 . 3 6 )  s u g g e s t  t h a t  t h e  p h o t o a c t i v e  p r o t e i n  p resu m ed  t o  be
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p r e s e n t  w a s  l e s s  a b l e  t o  m o n a n e r iz e  t h e  T -T  d im e r  t h a n  a  m ix ed  
p o p u l a t i o n  o f  d im e r  s u b s t r a t e s ;  p o s s i b l y  i n f e r r i n g  a s l i g h t l y  
h i g h e r  a f f i n i t y  t o w a r d s  t h e  C-T o r  T-C d im e r .  F u r t h e r m o r e ,  t h e  
d a t a  i n d i c a t e d  t h a t  t h e  l i m i t  o f  p h o t o r e a c t i v a b i l i t y  w a s  n o t  
a t t r i b u t a b l e  t o  a u n iq u e  s p e c i f i c i t y  f o r  o n e  s p e c i e s  o f  p y r i m i d i n e  
d im e r .
Summary
The d a t a  i n  t h i s  S e c t i o n  may be su m m a r ised  a s  f o l l o w s :
1 .  A t o t a l l y  d a r k - r e p a i r - d e f i c i e n t  s t r a i n  d e l e t e d  a t  t h e  p r o p o s e d
p hrA  l o c u s  (A S 4 4 )  p h o t o r e p a i r e d  254 nm U V - in d u c e d  damage a t  a
r a t e  3 0  p e r  c e n t  t h a t  o f  a s i m i l a r l y  d a r k - r e p a i r - d e f i c i e n t ,  
b u t  n o n - i s o g e n i c  p h o t o r e a c t i v a t i o n - p r o f i c i e n t  s t r a i n .  T h i s  
w a s  a l s o  r e f l e c t e d  i n  a 68 p e r  c e n t  d e c r e a s e  i n  t h e  f l u e n c e  
d e c r e m e n t  r e s u l t i n g  from  a s i n g l e  h i g h - i n t e n s i t y  f l a s h .  B oth  
s t r a i n s  r e p a i r e d  t h e  damage w i t h  b i p h a s i c  k i n e t i c s .
2 .  T h e r e  w a s  m e a s u r a b l e  p h o t o r e a c t i v a t i o n  i n  a d a r k - r e p a i r -
d e f i c i e n t  s t r a i n  m u t a t e d  a t  t h e  phrB l o c u s ,  i n  c o n t r a s t  t o  t h e
c o n s e n s u s  t h a t  t h e s e  s t r a i n s  a r e  c o m p l e t e l y  p h o t o r e a c t i v a t i o n -
d e f i c i e n t .  H c w e v e r ,  no p h o t o r e p a i r  w a s  o b s e r v e d  w h en  t h i s
m u t a t i o n  w a s  t r a n s d u c e d  i n t o  a s t r a i n  d e l e t e d  a t  t h e  p r o p o s e d
o
p h rA  l o c u s ,  a f t e r  g r o w th  a t  37 C.
3 .  The p h r * , phrA  and phrB s t r a i n s  a l l  e x h i b i t e d  a p o s i t i v e  
r e l a t i o n s h i p  b e t w e e n  t h e  r a t e  o f  r e p a i r  and t e m p e r a t u r e  o f  t h e
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r e a c t i o n .
4 .  The t h r e e  s t r a i n s  sh ew ed  a  s i m i l a r  w a v e l e n g t h - d e p e n d e n c e  o f  
p h o t o r e a c t i v a t i n g  l i g h t .  They e x h i b i t e d  a  b r o a d  s t r u c t u r e l e s s  
p e a k  o v e r  t h e  r a n g e  3 6 0  t o  4 0 0  nm, w i t h  r e p a i r  b e i n g  m e a s u r e d  
t o  4 7 0  nm w i t h  AS44 and A B 2480 .
5 .  I n  a g r e e m e n t  w i t h  p u b l i s h e d  r e s u l t s ,  a n a e r o b i c  g r o w th  r e d u c e d  
t h e  p h o t o r e a c t i v a b l e  r e s p o n s e s  o f  t h e  p h r + , p h rA , and phrB 
s t r a i n s .  H cw e v e r ,  AS44 w a s  m a r k e d ly  l e s s  e f f e c t e d .  
C o n s i d e r a t i o n  o f  t h e  r a t e  c o n s t a n t s  a s s o c i a t e d  w i t h  t h e  
b i p h a s i c  r e p a i r  k i n e t i c s  r e v e a l e d  t h a t  t h e  s l o w e r  r a t e  
c o n s t a n t  w a s  s i g n i f i c a n t l y  r e d u c e d  w i t h  AB24 8 0  and DY326,  
b u t  n o t  w i t h  A S44. H o w ev er ,  t h e  f a s t e r  r a t e  c o n s t a n t  f o r  
b o t h  AB2480 and AS44 w a s  s i m i l a r l y  d e p r e s s e d ,  s u g g e s t i n g  t h a t  
t h e  d i s p r o p o r t i o n a t e  d e c r e a s e  i n  t h e  r a t e  o f  p h o t o r e p a i r  o f  
A B2480 w a s  a t t r i b u t a b l e  t o  t h e  e f f e c t  o n  t h e  s l o w e r  r a t e  
c o n s t a n t .
o6 . D e c r e a s i n g  t h e  p r e - i r r a d i a t i o n  g r e w th  t e m p e r a t u r e  from  37 t o  
2 6 °C  r e s u l t e d  i n  a n  i n c r e a s e  i n  t h e  r a t e  o f  r e p a i r  o f  AB2480  
and A S 4 4 ,  and a n  i n c r e a s e  i n  b o t h  t h e  r a t e  and e x t e n t  o f  
r e p a i r  o f  DY326 a f t e r  25 4  nm UV i r r a d i a t i o n .  S i g n i f i c a n t l y ,  a 
p h o t o r e a c t i v a b l e  r e s p o n s e  w a s  m e a s u r e d  w i t h  t h e  ’ d o u b le *  phr  
m u ta n t  A S 4 6 . As w i t h  t h e  a n a e r o b i c  g r e w t h  s t u d y ,  i t  w a s  t h e  
s l o w e r  r a t e  c o n s t a n t  & w h ic h  w a s  m ore  m a r k e d ly  a f f e c t e d .
S i n c e  AS46 i s  d e l e t e d  a t  t h e  p r o p o s e d  phrA  l o c u s ,  t h e  o b s e r v e d  
p h o t o r e a c t i v a b l e  r e s p o n s e  r a i s e s  t h e  d e b a t e  o f  w h e t h e r  t h e r e  
i s  a  t h i r d  PRE m o l e c u l e  i n  E . c o l l  w h ic h  b e c o m e s  ’ a c t i v e '  a t
26°C . H o w ev er ,  t h e r e  w a s  n o  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  a 
t h i r d  p h o t o l y a s e  m o l e c u l e  i n  any o f  t h e  o t h e r  s t r a i n s ,  
a l t h o u g h  DY326 ( p h r B ) d i d  e x h i b i t  b i p h a s i c  r e p a i r  k i n e t i c s  
a f t e r  g r o w th  a t  2 6 °C .  Thus i t  s e e m s  m o s t  l i k e l y  t h a t  t h e  
p h o t o r e p a i r  m e a s u r e d  i n  DY326 w a s  t h e  r e s u l t  o f  e i t h e r  t h e  
m u ta n t  phrB g e n e  p r o d u c t  r e t a i n i n g  som e r e s i d u a l  p h o t o l y a s e  
a c t i v i t y ,  or  t h a t  t h e r e  i s  a s e c o n d  p h o t o a c t i v e  p r o t e i n  from  
an unknown p h r  l o c u s ,  b o t h  o f  w h ic h  a r e  t e m p e r a t u r e - d e p e n d e n t  
i n  t h e  phrA m u ta n t  b a c k g r o u n d .  I t  d o e s ,  h o w e v e r ,  seem l i k e l y  
t h a t  t h e  a b s e n c e  o f  a g e n e  from  t h e  r e g i o n  o f  t h e  p r o p o s e d  
p hrA  l o c u s  d o e s  s i g n i f i c a n t l y  r e d u c e  t h e  r a t e  o f  r e p a i r  i n  t h e  
phrB+ and phrB b a c k g r o u n d s .  I n  t h e  l a t t e r  c a s e ,  t h e  r e d u c t i o n  
i s  s o  s e v e r e  a s  t o  a b o l i s h  any m e a s u r a b l e  r e s p o n s e  a f t e r  
g r o w th  a t  3 7 ° C .
P r e - i l l u m i n a t i o n  o f  d a r k - g r c w n  c e l l s ,  o r  g r o w th  o f  c e l l s  
e i t h e r  i n  t h e  d a r k  o r  i n  t h e  p r e s e n c e  o f  p h o t o r e a c t i v a t i n g  
l i g h t ,  d i d  n o t  r e s u l t  i n  any  s i g n i f i c a n t  v a r i a t i o n  i n  t h e  
p h o t o r e a c t i v a b i l i t y  o f  any o f  t h e  f o u r  s t r a i n s .
When t h e  c e l l s  w e r e  i r r a d i a t e d  a t  313  nm i n  t h e  p r e s e n c e  o f  
a c e t o p h e n o n e ,  t h e  r a t e  o f  r e p a i r  o f  AB24 80  w a s  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  w h en  com p ared  w i t h  r e p a i r  o f  2 5 4  nm UV 
i n d u c e d  dam age . H o w ev er ,  t h e  r a t e  o f  r e p a i r  o f  AS44 (A p h r A ) 
w a s  r e d u c e d  by 20 p e r  c e n t ,  w h ic h  w a s  r e f l e c t e d  i n  a 45 p e r  
c e n t  d e c r e a s e  i n  t h e  f a s t e r  r a t e  c o n s t a n t ,  a^ .  i t  w a s  n o t e d  
t h a t  b o t h  AB24 80  and AS44 r e p a i r e d  a c e t o p h e n o n e - s e n s i t i z e d  313  
nm damage w i t h  b i p h a s i c  k i n e t i c s .  H e n c e ,  t h e  d a t a  r e p o r t e d  i n  
t h i s  s e c t i o n  c a n  n e i t h e r  be s o l e l y  a t t r i b u t e d  t o  t h e  a c t i o n  o f
tw o  e n z y m e s  o n  a n  h o m o g e n e o u s  s u b s t r a t e  n o r  t o  t h e  a c t i o n  o f  a  
s i n g l e  m o l e c u l e  w i t h  d i f f e r e n t  r e p a i r  a f f i n i t i e s  t o w a r d s  an  
h e t e r o g e n e o u s  s u b s t r a t e  p o p u l a t i o n .  T he l a t t e r  h y p o t h e s i s  
s e e m s  m ore  l i k e l y ,  a l t h o u g h  i t  w o u ld  h a v e  t o  a s s u m e  tw o  r e p a i r  
c a p a c i t i e s / a f f i n i t i e s  t o w a r d s  t h e  t h y m i n e - t h y m i n e  d im e r  t o  
s a t i s f a c t o r i l y  e x p l a i n  t h e  p h o t o s e n s i t i z e d  d a t a .  H o w ev er ,  
s i n c e  o n l y  b i p h a s i c  r e p a i r  k i n e t i c s  h a v e  b e e n  e n c o u n t e r e d ,  
s u c h  a m o d e l  f o r  p h o t o r e p a i r  d o e s  n o t  e x p l a i n  t h e  d i f f e r e n t  
a f f i n i t i e s  m e a s u r e d  t o w a r d s  t h e  v a r i o u s  d im er  s p e c i e s  i n  
v i t r o .  The r a t e  o f  p h o t o r e p a i r  o f  t h e  phrB m u t a n t ,  DY326, w a s  
m a r k e d ly  r e d u c e d  a f t e r  a c e t o p h e n o n e - s e n s i t i z e d  313 nm UV 
i r r a d i a t i o n .  T h e s e  d a t a  i n d i c a t e d  t h a t  t h e  r e d u c e d  r a t e  and  
e x t e n t  o f  r e p a i r  com pared  w i t h  e i t h e r  AB2480 or  AS44 w a s  n o t  
t h e  r e s u l t  o f  a  u n iq u e  a f f i n i t y  t o w a r d s  o n e  d im er  s p e c i e s .
The i m p l i c a t i o n s  o f  t h e s e  d a t a  f o r  t h e  i n t e r a c t i v e  r o l e  
p o s t u l a t e d  f o r  t h e  p r o p o s e d  p h rA  g e n e  p r o d u c t  w i l l  be a n a l y s e d  i n  
t h e  c o n c l u d i n g  d i s c u s s i o n .
RESULTS AND DISCUSSION -  PART IV
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The t h r e e  p r e v i o u s  s e c t i o n s  h a v e  b e e n  c o n c e r n e d  w i t h  t h e  
c o n s t r u c t i o n  and c h a r a c t e r i s a t i o n  o f  d a r k - r e p a i r - d e f i c i e n t  s t r a i n s  
m u t a t e d  a t  o n e  o r  b o t h  o f  t h e  p r o p o s e d  p h r  l o c i .  A l t h o u g h  i t  i s  
d i f f i c u l t  t o  make q u a n t i t a t i v e  c o m p a r i s o n s  b e t w e e n  t h e  s t r a i n s  
b e c a u s e  o f  t h e i r  n o n - i s o g e n i c i t y ,  i t  w a s  a p p a r e n t  t h a t  a  g e n e  i n  
t h e  g a l - a t t X  i n t e r v a l  d i d  h a v e  a m arked e f f e c t  o n  t h e  p h o t o -  
r e a c t i v a b i l i t y  o f  25 4  nm U V - in d u c e d  dam age. T he  w ork  d e s c r i b e d  i n  
t h i s  s e c t i o n  c e n t r e s  o n  a n  a t t e m p t  t o  i s o l a t e  p l a s m i d s  h a v i n g  
r e s t r i c t i o n  f r a g m e n t  i n s e r t i o n s  from  t h e  g a l - a t t X  ch ro m o so m a l  
r e g i o n ,  and d e t e r m i n i n g  i f  t h e  d e c r e a s e  i n  p h o t o r e a c t i v a b i l i t y  
o b s e r v e d  i n  A (g a l - c h l A ) s t r a i n s  c o u l d  be  r e v e r s e d  by t r a n s f o r m a t i o n  
w i t h  t h e s e  p l a s m i d s .
4 . 1  I s o l a t i o n  and S e l e c t i o n  P r o t o c o l
From t h e  o n s e t  o f  t h i s  w o r k ,  tw o  i n t e r d e p e n d e n t  p r o b l e m s  w e r e  
e n v i s a g e d .  F i r s t l y ,  w h a t  w o u ld  be  t h e  s o u r c e  o f  'd o n o r '  DNA, and  
s e c o n d l y ,  hew w o u ld  t h e  t h e  p r o p o s e d  phrA* p l a s m i d  be p i c k e d  from  a  
p o o l  o f  r e c o m b in a n t  D N A - c o n t a in in g  m o l e c u l e s ?  S a n c a r  and R u p e r t  
( 1 9 7 8 b )  h a v e  d e s c r i b e d  a p r o t o c o l  f o r  c l o n i n g  t h e  phrB g e n e  i n  E .  
c o l i , u s i n g  ch r o m o so m a l  DNA a s  t h e  s o u r c e  o f  ' d o n o r '  DNA. T he DNA 
w a s  r e s t r i c t e d ,  U V - i r r a d i a t e d  and  m ix e d  w i t h  p u r i f i e d  y e a s t  
p h o t o l y a s e ,  w i t h  t h e  r e s u l t  t h a t  t h e  p h o t o l y a s e  w o u ld  b i n d  t o  t h e  
UV-dam aged DNA. T he DNA w a s  l i g a t e d  w i t h  an a p p r o p r i a t e l y  
r e s t r i c t e d  p l a s m i d  v e c t o r  and p a s s e d  t h r o u g h  a n i t r o c e l l u l o s e  
f i l t e r .  The a t t a c h e d  p r o t e i n  c a u s e d  r e t e n t i o n  o f  t h e  r e c o m b in a n t  
m o l e c u l e s ,  w h i l s t  m o l e c u l e s  n o t  h a v i n g  'd o n o r '  DNA p a s s e d  t h r o u g h .  
The bound  DNA w a s  r e p a i r e d  o f  i t s  UV damage and r e l e a s e d  f o r  
i n s e r t i o n  i n t o  c e l l s  by e x p o s u r e  t o  p h o to r  e a c t i v a t i n g  l i g h t .  The
a u t h o r s  e s t i m a t e d  t h a t  t h i s  r e s u l t e d  i n  an  a p p r o x i m a t e l y  3 5 0 - f o l d  
e n r ic h m e n t  o f  t h e  phrB g e n e .  The t r a n s f o r m e d  c e l l s  w e r e  grow n up ,  
and s u b j e c t e d  t o  t h r e e  c y c l e s  o f  UV i n a c t i v a t i o n  and p h o t o ­
r e a c t i v a t i o n .  A p p r o x im a t e ly  50 p e r  c e n t  o f  t h e  f i n a l  c l o n e s  had  
t h e  PHR+ p h e n o t y p e  ( S a n c a r  and R u p e r t ,  197 8 b ) .  A l t h o u g h  t h i s  
p r o t o c o l  w o u ld  be a p p l i c a b l e  t o  i s o l a t i n g  t h e  phrA * g e n e ,  s e v e r a l  
p r o b l e m s  m i t i g a t e d  a g a i n s t  i t .  P r i n c i p a l l y ,  t h e  d a t a  p r e s e n t e d  i n  
P a r t  I I I  i n d i c a t e d  t h a t  t h e  a c t i v i t y  a t t r i b u t a b l e  t o  t h e  p r o p o s e d  
p h rA  l o c u s  i s  o r d e r s  o f  m a g n i t u d e  l e s s  t h a n  t h e  phrB g e n e  p r o d u c t .  
T h e r e f o r e ,  i t  w a s  c o n s i d e r e d  u n l i k e l y  t h a t  t h e  s e l e c t i o n  p r o t o c o l  
w o u l d  be s u c c e s s f u l  i f  ch ro m o so m a l DNA w a s  u s e d  a s  t h e  s o u r c e  o f  
' d o n o r '  DNA. U s in g  s t r a i n  AS46 a s  t h e  t h e  r e c i p i e n t  s t r a i n ,  
t r a n s f o r m e d  d e r i v a t i v e s  w o u ld  be e x p e c t e d  t o  h a v e  s i m i l a r  
p h o t o r e a c t i v a b i l i t y  t o  DY326, t h a t  i s ,  1 l o g - c y c l e  p h o t o r e c o v e r y  
a f t e r  4 l o g - c y c l e  UV i n a c t i v a t i o n .  Thus i t  w a s  c o n s i d e r e d  
a p p r o p r i a t e  t o  c o n s t r u c t  a  Ad g a l  s p e c i a l i s e d  t r a n s d u c i n g  ' p h a g e ,  
w h ic h  w o u ld  c a r r y  t h e  g a l - a t t A  r e g i o n ,  and u s e  t h i s  a s  t h e  s o u r c e  
o f  DNA i n  t h e  c l o n i n g  e x p e r i m e n t s .  T h e r e f o r e ,  we w o u ld  be c l o n i n g  
w i t h  r e s t r i c t i o n  f r a g m e n t s  from  an a p p r o x i m a t e l y  5 0 -k b p  p i e c e  o f  
DNA s p e c i f i c a l l y  c a r r y i n g  t h e  r e g i o n  o f  t h e  p r o p o s e d  g e n e  o f  
i n t e r e s t .  The r e c o m b in a n t  DNA e n r ic h m e n t  t e c h n i q u e  u s i n g  p u r i f i e d  
y e a s t  DNA p h o t o l y a s e  d e v e l o p e d  by S a n c a r  and R u p e r t  (197  8b) h a s  
l a r g e l y  b e e n  s u p e r s e d e d  by t h e  a v a i l a b i l i t y  o f  c a l f  i n t e s t i n a l  
a l k a l i n e  p h o s p h a t a s e ,  w h ic h  r e m o v e s  5 '  p h o s p h a t e  g r o u p s ,  and s o  
p r e v e n t s  s e l f - l i g a t i o n  o f  a  r e s t r i c t e d  p l a s m i d  v e c t o r .  The c l o n i n g  
p r o t o c o l  w h i c h  w i l l  b e  d e s c r i b e d  i n  d e t a i l  w a s  a s  f o l l o w s : -
1 ) .  S e l e c t i o n  o f  a s t r a i n  l y s o g e n i c  f o r  a  AdqalA t r a n s d u c i n g  
' p h a g e .
2 ) .  I n d u c t i o n / p r o d u c t i o n  o f  a AdgalA  h i g h - f r e q u e n c y  t r a n s d u c i n g
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(HIT) l y s a t e  and p r e p a r a t i o n  o f  DNA. R e s t r i c t i o n  enzym e  
a n a l y s i s  t o  d e t e r m i n e  t h e  s i z e  o f  t h e  DNA f r a g m e n t s .
3 ) .  L a r g e - s c a l e  p r e p a r a t i o n  o f  pBR322 p l a s m i d  DNA.
4 ) .  I n  v i t r o  r e s t r i c t i o n  o f  Ad g a l A DNA ( p a r t i a l  d i g e s t )  an d  pBR322  
DNA ( t o t a l  d i g e s t )  w i t h  r e s t r i c t i o n  enzym e S p h l .
5 ) .  T r e a tm e n t  o f  S p h l  r e s t r i c t e d  pBR322 DNA w i t h  a l k a l i n e  
p h o s p h a t a s e .
6 ) .  L i g a t i o n  o f  S p h l  r e s t r i c t e d  Ad g a l A DNA w i t h  S p h I / a l k a l i n e  
p h o s p h a t a s e - t r e a t e d  pB R 322, u s i n g  b a c t e r i o p h a g e  T4 DNA l i g a s e .
7 ) .  T r a n s f o r m a t i o n  o f  c o m p e t e n t  c e l l s  o f  s t r a i n  AS46 w i t h  
r e c o m b in a n t  DNA m i x t u r e .
8 ) .  R e p e a t e d  c y c l e s  o f  UV i r r a d i a t i o n  an d  p h o t o r e a c t i v a t i o n  
t r e a t m e n t s ,  f i r s t  i n  l i q u i d  c u l t u r e  an d  f i n a l l y  u s i n g  
i n d i v i d u a l  c o l o n i e s  r e p l i c a t e d  o n  s o l i d  m e d ia .
4 . 2  P r e p a r a t i o n  o f  S t o c k  S o l u t i o n s
1M T r i s . 1 2 1 . 1  g  o f  T r i s  b a s e  (S ig m a ,  S t .  L o u i s )  w as  d i s s o l v e d  i n  
8 0 0  ml o f  g l a s s  d i s t i l l e d  w a t e r  on  a m a g n e t i c  s t i r r e r  a t  2 0 °C .  
A p p r o p r i a t e  q u a n t i t i e s  o f  c o n c e n t r a t e d  HCL ( BDH, P o o l e )  w e r e  added  
t o  a c h i e v e  t h e  d e s i r e d  pH. A f t e r  m a k in g  up  t h e  v o lu m e  t o  1 l i t r e ,
1 0 0  ml a l i q u o t s  w e r e  d i s p e n s e d  an d  s t e r i l i z e d  by a u t o c l a v i n g .
0 .5M EDTA (pH 8 . 0 ) . 1 8 6 . 1  g o f  d i s o d iu m  e t h y l e n e  d ia m in e  
t e t r a a c e t a t e . 2 ^ 0  (EDTA, S igm a)  w as a d d ed  t o  800m l o f  w a t e r .  The 
pH w a s  a d j u s t e d  t o  8 . 0  b y  t h e  a d d i t i o n  o f  a p p r o x i m a t e l y  20 g o f  
NaOH p e l l e t s  (BDH, P o o l e )  an d  t h e  s o l u t i o n  s t i r r e d  v i g o r o u s l y  on a 
m a g n e t i c  s t i r r e r  ( t h e  d i s o d iu m  s a l t  o f  EDTA w i l l  n o t  d i s s o l v e  
u n t i l  t h e  s o l u t i o n  i s  a d j u s t e d  t o  pH 8 . 0 ) .  The s o l u t i o n  w a s  made
227
u p  t o  1 l i t r e ,  d i s p e n s e d  i n  50 ml a l i q u o t s  an d  s t e r i l i z e d  by  
a u t o c l a v i n g .
0 .1 M  EGTA. 3 8 0 . 4  mg o f  e t h y l e n e  g l y c o l  b i s -  ( f t - a m i n o e t h y l  e t h e r )
N, N, N ' , N ' - t e t r a a c e t i c  a c i d  (EGTA, S igm a) w a s  d i s s o l v e d  i n  8 ml o f  
w a t e r .  The s o l u t i o n  w a s  made up t o  10 m l ,  s t e r i l i z e d  t h r o u g h  a 
0 . 2  ^pm membrane f i l t e r ,  and s t o r e d  i n  a s t e r i l e  p l a s t i c  u n i v e r s a l  
c o n t a i n e r  ( S t e r i l i n ,  F e l t h a m ) .
5M N a C l . 2 9 2 . 2  g o f  NaCl (BDH, P o o l e )  w as d i s s o l v e d  in  80 0 ml o f  
w a t e r .  The v o lu m e  w a s  a d j u s t e d  t o  1 l i t r e ,  d i s p e n s e d  i n t o  1 0 0  ml 
a l i q u o t s  and s t e r i l i z e d  by a u t o c l a v i n g .
1M MgCl^ .  2 0 3 . 3  g o f  MgCl^.OH^O (BDH, P o o l e )  w a s  d i s s o l v e d  i n  800  
ml o f  w a t e r .  The v o lu m e  w a s  a d j u s t e d  t o  1 l i t r e ,  d i s p e n s e d  i n t o  
1 0 0  ml a l i q u o t s  and  s t e r i l i z e d  by a u t o c l a v i n g .
3M Sodium  a c e t a t e  (pH 5 . 2 ) . 4 0 . 8 1  g o f  sod ium  a c e t a t e .  3 ^ 0  (BDH, 
P o o l e )  w a s  d i s s o l v e d  i n  80 ml o f  w a t e r .  The pH w a s  a d j u s t e d  t o
5 . 2  w i t h  g l a c i a l  a c e t i c  a c i d  ( F i s o n s ,  L o u g h b o r o u g h ) ,  and t h e  
v o lu m e  a d j u s t e d  t o  1 0 0  m l .  The s o l u t i o n  w a s  d i s p e n s e d  i n t o  20 ml 
a l i q u o t s  and  s t e r i l i z e d  by a u t o c l a v i n g .
1M D i t h i o t h r e i t o l  ( DTT) . 3 . 0 9  g o f  DTT ( B o e h r i n g e r ,  L e w e s )  w a s
d i s s o l v e d  i n  20  ml o f  0 . 0 1M so d iu m  a c e t a t e  (pH 5 . 2 ) .  The s o l u t i o n
w a s  f i l t e r e d  t h r o u g h  a 0 . 2  jj,m m em brane, and 1 ml a l i q u o t s
d i s p e n s e d  i n t o  s t e r i l e  m i c r o f u g e  t u b e s  ( B o e h r i n g e r ,  L ew es  -  1 . 5  ml
o
c a p a c i t y )  an d  s t o r e d  a t  - 2 0  C. Once th a w e d ,  t h e s e  w e r e  n o t  
r e f r o z e n .
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2 - M e r c a p t o e t h a n o l  ( BME) . 2 - M e r c a p t o e t h a n o l  (X 4 .4M ) w a s  p u r c h a s e d  
frctn  S igm a and s t o r e d  i n  t h e  d a rk  a t  4 ° C .
Sodium d o d e c y l s u l p h a t e  ( SDS) 10%. 10 g o f  ' A n a la r '  g r a d e  sod iu m
d o d e c y l s u l p h a t e  (BDH, P o o l e )  w as  d i s s o l v e d  i n  90 ml o f  w a t e r  a t  
o
6 8 C. The pH w a s  a d j u s t e d  t o  7 . 2  w i t h  c o n c e n t r a t e d  HCL. The  
v o lu m e  w a s  a d j u s t e d  t o  1 0 0  ml and d i s p e n s e d  i n t o  20 ml a l i q u o t s .
5M Ammonium a c e t a t e . 7 . 7  g o f  ammonium a c e t a t e  (BDH, P o o l e )  w as  
d i s s o l v e d  i n  16 ml o f  w a t e r .  The s o l u t i o n  w a s  made up t o  20 m l ,  
f i l t e r e d  t h r o u g h  a 0 . 2  u^m membrane and s t o r e d  i n  a s t e r i l e ,  
s c r e w - t o p p e d  p l a s t i c  u n i v e r s a l  c o n t a i n e r .
5M P o t a s s iu m  a c e t a t e . 1 1 . 5  ml o f  g l a c i a l  a c e t i c  a c i d  an d  2 8 . 5  ml 
o f  w a t e r  w a s  a d d ed  t o  60 ml o f  5M p o t a s s i u m  a c e t a t e .  The  
r e s u l t i n g  s o l u t i o n  w a s  3M w i t h  r e s p e c t  t o  p o t a s s i u m  and 5M w i t h  
r e s p e c t  t o  a c e t a t e .
E t h id iu m  b r o m id e  10 m g /m l . 100  mg o f  e t h i d i u m  b r a n i d e  (E t B r ,
S ig m a )  w a s  d i s s o l v e d  i n  10 ml o f  w a t e r  by s t i r r i n g  o n  a m a g n e t i c
s t i r r e r  f o r  s e v e r a l  h o u r s .  The c o n t a i n e r  w a s  w r a p p e d  i n  a lu m in iu m
o
f o i l  and s t o r e d  a t  4 C.
6mM ATP. 36 mg o f  a d e n o s i n e - 5 ' - t r i p h o s p h a t e  (ATP, c r y s t a l l i z e d  
d i s o d i u m  s a l t ,  s p e c i a l  q u a l i t y  -  B o e h r i n g e r ,  L e w e s )  w a s  d i s s o l v e d  
i n  8 ml o f  w a t e r  and a d j u s t e d  t o  pH 7 . 0  w i t h  0 .1M  NaGH. The  
s o l u t i o n  w a s  made up t o  10  m l ,  s t e r i l i z e d  t h r o u g h  a 0 . 2  i^m
o
membrane f i l t e r ,  d i s p e n s e d  i n t o  s m a l l  a l i q u o t s  and s t o r e d  a t  - 2 0  C
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f o r  up t o  o n e  w e e k .  Once th a w e d ,  t h e s e  w e r e  n o t  r e f r o z e n .
4 . 3  P r e p a r a t i o n  o f  O r g a n ic  R e a g e n t s
T r i s - e q u i l i b r a t e d  p h e n o l . L i q u e f i e d  p h e n o l  ( p h e n o l  80% i n  w a t e r )
w a s  p u r c h a s e d  fr c m  T h o r n to n  and R o s s  ( H u d d e r s f i e l d ) .  8 - h y d r o x y -
q u i n o l i n e  ( S ig m a )  w a s  a d d ed  t o  a f i n a l  c o n c e n t r a t i o n  o f  0 .1% . The
p h e n o l  w a s  t h e n  e x t r a c t e d  s e v e r a l  t i m e s  w i t h  an e q u a l  v o lu m e  o f
b u f f e r  ( l . O M T r i s . C l  [pH 8 . 0 ] ,  f o l l o w e d  by 0 .1M  T r i s . C l  [pH 8 . 0 ]
a n d  0.2% BME) ,  u n t i l  t h e  pH o f  t h e  a q u e o u s  p h a s e  w a s  g r e a t e r  t h a n
7 . 6 .  The p h e n o l  w a s  s t o r e d  u n d er  e q u i l i b r a t i o n  b u f f e r  i n
o
a lu m in iu m - w r a p p e d ,  s c r e w - t o p p e d  g l a s s  b o t t l e s  a t  - 2 0  C f o r  up t o  
o n e  m o n th .
C h i o r o f o r m : I s o a m y l  a l c o h o l  ( 2 4 : 1 ) . A m i x t u r e  o f  c h l o r o f o r m  
( F i s o n s ,  L o u g h b o r o u g h )  and i s o a m y l  a l c o h o l  ( F i s o n s )  w as  u s e d  t o  
rem o v e  p r o t e i n s  frcm  n u c l e i c  a c i d  p r e p a r a t i o n s .  N e i t h e r  r e a g e n t  
r e q u i r e d  t r e a t m e n t  b e f o r e  u s e  and t h e  m i x t u r e  w a s  s t o r e d  i n  
a lu m in iu m -w r a p p e d ,  s c r e w - t o p p e d  g l a s s  b o t t l e s  a t  r o a n  t e m p e r a t u r e .
4 . 4  P r e p a r a t i o n  o f  D i a l y s i s  T u b in g
D i a l y s i s  t u b i n g  (1 4  mm d i a m e t e r ,  F i s o n s )  w a s  c u t  i n t o  10  cm 
l e n g t h s ,  b o i l e d  f o r  t e n  m i n u t e s  i n  a l a r g e  v o lu m e  o f  2 p e r  c e n t  
so d iu m  b i c a r b o n a t e  and ImM EDTA, r i n s e d  t h o r o u g h l y  w i t h  d i s t i l l e d  
w a t e r ,  and b o i l e d  f o r  f u r t h e r  10 m i n u t e s  i n  d i s t i l l e d  w a t e r .
A f t e r  c o o l i n g ,  t h e  t u b i n g  w a s  s t o r e d  a t  4 °C ,  su b m e r se d  i n  w a t e r .
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4 . 5  E n z y m e s
■Lysozyme. L ysozym e ( f r c m  e g g  w h i t e )  w a s  p u r c h a s e d  fr c m  S igm a and  
; s t o r e d  i n  a d e s i c c a t o r  a t  - 2 0 ° C .
H N ase  ( D N a s e - f r e e )  1 m g /m l . 20 mg o f  p a n c r e a t i c  RNase A (S ig m a )
w a s  d i s s o l v e d  i n  20 ml o f  l O m M T r i s .C l  [pH 7 . 5 ]  and  15mM N a C l.
o
T h e  s o l u t i o n  w a s  h e a t e d  a t  1 0 0  C f o r  15  m i n u t e s ,  and a l l c w e d  t o
c o o l  s l c w l y  t o  rocm t e m p e r a t u r e .  A f t e r  s t e r i l i z i n g  t h r o u g h  a 0 . 2
j^pm membrane f i l t e r ,  t h e  s o l u t i o n  w a s  d i s p e n s e d  i n t o  50 j \ l  a l i q u o t s
o
a n d  s t o r e d  a t  - 2 0  C.
D e o x y r i b o n u c l e a s e  I  (D N ase I )  5 m g /m l . B o v in e  p a n c r e a s  DNase I  
( t y p e  I I ) ,  c o n t a i n i n g  1890  K u n itz  u n i t s  p e r  mg, w as  p u r c h a s e d  from  
S ig m a .  One ml o f  m e m b r a n e - s t e r i l i z e d  0 .15M  NaCl and 50% g l y c e r o l  
w a s  a d d e d  t o  e a c h  5 mg v i a l ,  a t  0 ° C .  The s o l u t i o n  w a s  d i s p e n s e d  
i n t o  0 . 1  ml a l i q u o t s  and  s t o r e d  a t  - 2 0 ° C .  T he p r o t o c o l s  u s e d  i n  
t h i s  w o rk  d i d  n o t  r e q u i r e  t h e  p r e p a r a t i o n  t o  be R N a s e - f r e e .
A l k a l i n e  p h o s p h a t a s e . S p e c i a l  q u a l i t y  c a l f  i n t e s t i n a l  a l k a l i n e
p h o s p h a t a s e ,  c o n t a i n i n g  1 9 , 0 0 0  u n i t s / m l  (2 6 0 0  u n i t s / m g )  w as
o
p u r c h a s e d  fr c m  B o e h r i n g e r ,  and s t o r e d  a t  4 C. The enzym e w a s  u s e d  
i n  a c c o r d a n c e  w i t h  t h e  m a n u f a c t u r e r s  i n s t r u c t i o n s .  T he i n c u b a t i o n  
b u f f e r  u s e d  w a s  T r i s . C l ,  50mM; EDTA, O.lmM; pH 8 . 0  ( 2 5 ° C ) .
T4 DNA l i g a s e . T4 DNA l i g a s e  frcm  E . c o l i  NM9 8 9 ,  c o n t a i n i n g  1000
u n i t s / m l  ( 3 0 0 0  u n i t s / m g  p r o t e i n ) ,  w a s  p u r c h a s e d  frcm  B o e h r i n g e r  
o
and  s t o r e d  a t  - 2 0  C. The i n c u b a t i o n  b u f f e r  u s e d  w a s  T r i s . C l ,
50mM? MgCl2 , lOmM; DTT, lOmM? ATP, 0.6mM; pH 7 . 6  ( 3 7 ° C ) ,  i n
a c c o r d a n c e  w i t h  t h e  m a n u f a c t u r e r s  i n s t r u c t i o n s .
R e s t r i c t i o n  E n d o n u c l e a s e  E c o R I . E coR I from  E . c o l i  B S 5 , c o n t a i n i n g
o
5 u n i t s / j i l ,  w as p u r c h a s e d  frcm  B o e h r i n g e r ,  and s t o r e d  a t  - 2 0  C.
T he i n c u b a t i o n  b u f f e r  u s e d  w a s  T r i s . C L ,  lOOmM; N a C l,  50mM; MgCl2 , 
o
lOmM; pH 7 . 5  (3 7  C ) .  The e n d o n u c l e a s e  r e c o g n i z e s  t h e  s e q u e n c e  
G/AATTC, g e n e r a t i n g  f r a g m e n t s  w i t h  5 ' - c o h e s i v e  t e r m i n i .  T h e r e  a r e  
f i v e  r e c o g n i t i o n  s i t e s  i n  Lambda DNA and  o n e  s i t e  i n  pBR322 DNA.
R e s t r i c t i o n  E n d o n u c l e a s e  S p h l . S p h l  frcm  S t r e p t c m y c e s
p h a e o c h r c m o q e n e s , c o n t a i n i n g  4 u n i t s / j i l ,  w a s  p u r c h a s e d  fr c m
o
B o e h r i n g e r ,  and s t o r e d  a t  - 2 0  C. The i n c u b a t i o n  b u f f e r  u s e d  w a s
T r i s . C l ,  6mM; N a C l,  125mM? MgCl2# 6mM; BME, 7mM; T r i t o n  X -1 0 0
o
( S i g m a ) ,  0 .01% ; pH 7 . 7  (3 7  C ) ,  i n  a c c o r d a n c e  w i t h  t h e  
m a n u f a c t u r e r s  i n s t r u c t i o n s .  The e n d o n u c l e a s e  r e c o g n i z e s  t h e  
s e q u e n c e  GCATG/C, g e n e r a t i n g  f r a g m e n t s  with 3 ' - c o h e s i v e  t e r m i n i .  
T h e r e  a r e  s i x  r e c o g n i t i o n  s i t e s  i n  Lambda DNA, and o n e  s i t e  i n  
PBR322 DNA.
T e s t  o f  R e s t r i c t i o n  E n d o n u c l e a s e  A c t i v i t y
The s p e c i f i c  e x a m p le  g i v e n  w i l l  b e  t o  t e s t  E coR I a c t i v i t y ,
a l t h o u g h  t h e  m e t h o d o lo g y  i s  a p p l i c a b l e  t o  o t h e r  r e s t r i c t i o n
e n d o n u c l e a s e s .  One u n i t  i s  d e f i n e d  a s  t h e  enzym e a c t i v i t y  w h ic h
o
c o m p l e t e l y  c l e a v e s  1 ^ig o f  lam bda DNA i n  1 hour a t  37 C i n  50 ^il
o f  i n c u b a t i o n  b u f f e r .  To t e s t  t h e  a c t i v i t y  o f  t h e  en zym e,
d i l u t i o n s  w e r e  made i n  i n c u b a t i o n  b u f f e r  r a n g i n g  frcm  0 . 1  t o  10
o
u n i t s y ^ i g ,  and i n c u b a t e d  w i t h  1 j i g  o f  lam bda DNA a t  37 C f o r  1 t o  2 
h o u r s .
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R e s t r i c t i o n  e n d o n u c l e a s e  E coR I 5 u n i t s / p l  ( c l a i m e d )  
D i l u t i o n  A
1 p i  enzym e + 9 p i  b u f f e r  = 0 . 5  u n i t s / p l
D i l u t i o n  B
1 p i  (A ) + 4 9  p i  b u f f e r  = 0 . 0 1  u n i t s / p l
X c Ig 5 7 Sam7 DNA ( B o e h r i n g e r )  100 ng/^pl.
Enzyme 5 x  DNA Enzyme H^O T o t a l


























A f t e r  i n c u b a t i o n  a t  37 C f o r  2 h o u r s ,  10 p i  o f  rS t o p  m ix '  w as
a d d e d  t o  e a c h  s a m p le  ( s e e  A g a r o s e  G e l  E l e c t r o p h o r e s i s ) ,  and s t o r e d  
o
a t  4 C, p r i o r  t o  e l e c t r o p h o r e s i s .  A p h o t o g r a p h  o f  an a g a r o s e  
e l e c t r o p h o r e t i c  g e l  o f  an  E coR I r e s t r i c t i o n  e n d o n u c l e a s e  t e s t  i s  
sh e w n  i n  F i g .  4 . 1 .
4 . 6  A g a r o s e  G e l  E l e c t r o p h o r e s i s
H o r i z o n t a l  a g a r o s e  e l e c t r o p h o r e s i s  i n  a B io - R a d  m i n i - g e l  
a p p a r a t u s  w a s  u s e d  t o  s e p a r a t e  r e s t r i c t i o n  f r a g m e n t s ,  and a n a l y s e
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Fig. 4.1. Restriction endonuclease EcoRI test on X DNA. 
Lane 1, 0.1 u/pg; lane 2, 1.0 u/}ig; lane 3, 5.0 u/jig 
lane 4, 10.0 u/jig; lane 5, Control.
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p l a s m i d  m o l e c u l e s .
G e l e l e c t r o p h o r e s i s  t a n k  and pow er  s u p p l y . A B io - R a d  M i n i - s u b  DNA 
c e l l  o f  250  ml n o m in a l  c a p a c i t y  w a s  u s e d  i n  c o n j u n c t i o n  w i t h  a 
B io - R a d  2 5 0 / 2 . 5  p ow er  s u p p l y .
R u n n in g  B u f f e r . 2 5 0  ml o f  T r i s . a c e t a t e  b u f f e r  ( T r i s . a c e t a t e ,  40mM; 
EDTA, ImM) w a s  p r e p a r e d  from  a lO x  s t o c k  s o l u t i o n  and r e c i r c u l a t e d  
a r o u n d  t h e  e l e c t r o p h o r e s i s  t a n k  by  a f l e w - i n d u c e r  (W a tso n -M a r lc w ,  
F a l m o u t h ) .  The lO x  s t o c k  s o l u t i o n  w a s  p r e p a r e d  by d i s s o l v i n g  2 4 . 2  
g o f  T r i s  b a s e  i n  4 0 0  ml o f  w a t e r ,  and a d d i n g  5 . 7  ml o f  g l a c i a l  
a c e t i c  a c i d  an d  10 ml o f  0 .5M  EDTA (pH 8 . 0 ) .  The v o lu m e  w a s  
a d j u s t e d  t o  500  m l ,  and t h e  s o l u t i o n  s t o r e d  a t  r o a n  t e m p e r a t u r e .
G el p r e p a r a t i o n . An a g a r o s e  c o n c e n t r a t i o n  o f  0.8% w a s  c h o s e n  t o
a f f o r d  s e p a r a t i o n  o f  l i n e a r  DNA m o l e c u l e s  i n  t h e  r a n g e  0 . 6  t o  9
kbp ( M a n i a t i s  e t  a l . ,  1 9 8 2 ) .  0 . 2 4  g o f  e l e c t r o p h o r e s i s - g r a d e
a g a r o s e  (BDH, P o o l e )  w a s  d i s s o l v e d  i n  30 ml o f  T r i s . a c e t a t e  b u f f e r  
o
by h e a t i n g  a t  1 0 0  C f o r  3 m i n u t e s  o n  a m a g n e t i c  s t i r r e r .  The
w e l l - f o r m i n g  comb w a s  a d j u s t e d  t o  a p p r o x i m a t e l y  2 mm a b o v e  t h e  g e l
t r a y ,  w h i l s t  t h e  e n d s  o f  t h e  t r a y  w e r e  s e a l e d  w i t h  a d h e s i v e  t a p e .
o
A f t e r  c o o l i n g  t o  a p p r o x i m a t e l y  50 C, t h e  m o l t e n  a g a r o s e  w a s  c a s t ,  
and a l l o w e d  t o  s o l i d i f y  f o r  a  minimum o f  3 0 m i n u t e s .
L o a d in g  b u f f e r  ( S t o p  m ix )  and  G e l  l o a d i n g . S t o p  m ix  w a s  p r e p a r e d  
by d i s s o l v i n g  50 mg o f  SDS and 2 . 5  mg o f  b r c m o p h e n o l  b l u e  (S ig m a )  
i n  4 ml o f  w a t e r .  F i v e  ml o f  g l y c e r o l  w a s  a d d e d ,  and t h e  v o lu m e  
made up t o  10 m l .  S t o p  m ix  w a s  a d d e d  t o  a p p r o x i m a t e l y  10 p e r  c e n t  
o f  t h e  r e a c t i o n  v o lu m e  t o  be  e l e c t r o p h o r e s e d .  Once t h e
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w e l l - f o r m i n g  comb had  b e e n  r e m o v e d ,  t h e  w e l l s  w e r e  f l o o d e d  w i t h  
r u n n in g  b u f f e r .  D e p e n d in g  o n  t h e  w e l l  s i z e ,  e i t h e r  7 ^ i l  or  1 2 ^ i l  
r e a c t i o n  v o l u m e s  w e r e  l o a d e d  u s i n g  a m i c r o p i p e t t e  ( J e n c o n s ,  Herael 
H e m p s t e a d ) .  The g e l  w a s  su b m erg ed  i n  t h e  e l e c t r o p h o r e s i s  t a n k ,  
and e l e c t r o p h o r e s e d  a t  3 - 6  V p e r  cm f o r  2 - 8  h o u r s  a c c o r d i n g  t o  t h e  
m o l e c u l a r  w e i g h t  o f  t h e  s a m p le .
G e l  s t a i n i n g ,  v i s u a l i z a t i o n  and p h o t o g r a p h y . E l e c t r o p h o r e s e d  g e l s  
w e r e  im m ersed  i n  250  ml o f  a  s o l u t i o n  c o n t a i n i n g  0 . 0 5  ^ ig /m l  
e t h i d i u m  b r c m id e  i n  w a t e r  f o r  20 m i n u t e s .  DNA f r a g m e n t s  w e r e  
v i s u a l i z e d  o n  a UV P r o d u c t s  t r a n s i l l u m i n a t o r  and p h o t o g r a p h e d  w i t h  
a CU-5 F o t o d y n e  ca m era  and Type 55 P o l a r o i d  f i l m .
4 . 7  P r e p a r a t i o n  o f  pBR322 P la s m id  DNA 
(A d a p t e d  f r a n  M a n i a t i s  e t  a l . ,  1 9 8 2 )
1 )  L a r g e - s c a l e  p r e p a r a t i o n .
a )  A m p l i f i c a t i o n .  T en  m l o f  p r e -w a rm ed  LB b r o t h  ( A p p e n d ix  2 ) ,
c o n t a i n i n g  50 j i g / m l  a m p i c i l l i n ,  w a s  i n o c u l a t e d  w i t h  a s i n g l e
o
c o l o n y  o f  E. c o l i  DHl/pBR3 22 and grow n o v e r n i g h t  a t  37 C w i t h
v i g o r o u s  s h a k i n g .  50 ml o f  LB b r o t h ,  s u p p le m e n t e d  w i t h  50 ^ ig /m l
a m p i c i l l i n ,  i n  a 250  ml f l a s k ,  w a s  i n o c u l a t e d  w i t h  0 . 5  ml o f  t h e
o
o v e r n i g h t  c u l t u r e ,  and s h a k e n  a t  37 C u n t i l  t h e  OD r e a c h e d
600
a p p r o x i m a t e l y  0 . 6  ( l a t e  l o g - p h a s e ) .  F i v e  ml o f  t h i s  l a t e  l o g -
p h a s e  c u l t u r e  w a s  u s e d  t o  i n o c u l a t e  e a c h  o f  t e n  25 0  ml f l a s k s
c o n t a i n i n g  100  ml o f  p re -w a rm ed  LB b r o t h  s u p p le m e n t e d  w i t h  50
o
^ ig /m l a m p i c i l l i n .  The c u l t u r e  w a s  s h a k e n  a t  37 C f o r  e x a c t l y  2 
h o u r s ,  a f t e r  w h i c h  0 . 5  ml o f  a  s o l u t i o n  o f  c h l o r a m p h e n i c o l  (3 4  
m g/m l i n  e t h a n o l )  w a s  a d d e d .  The f i n a l  c o n c e n t r a t i o n  o f  
c h l o r a m p h e n i c o l  i n  t h e  c u l t u r e  w a s  170 ^ g / m l .  The c u l t u r e  w a s
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s h a k e n  a t  37 C o v e r n i g h t .
b )  H a r v e s t i n g .  The b a c t e r i a l  c e l l s  w e r e  h a r v e s t e d  by
c e n t r i f u g a t i o n  i n  t h e  6 x 2 5 0  ml r o t o r  o f  t h e  MSE S u p e r s p e e d  18
c e n t r i f u g e  a t  4 , 0 0 0  rpm ( 2 5 0 0  g )  f o r  20 m i n u t e s  a t  4 ° C .  The
o
p e l l e t s  w e r e  s t o r e d  a t  - 2 0  C u n t i l  r e q u i r e d .
c )  L y s i s  by b o i l i n g .  The b a c t e r i a l  p e l l e t  ( fr o m  1 l i t r e  o f
c u l t u r e )  w a s  r e s u s p e n d e d  i n  10  ml o f  STE (N a C l,  lOOroM; T r i s . C l [ p H
8 . 0 ] ,  lOmM; and EDTA, O.lmM) a n d  t r a n s f e r r e d  t o  a 50 ml c a p a c i t y ,
r o u n d - b o t t o n e d  f l a s k .  One ml o f  a f r e s h l y  p r e p a r e d  l y s o z y m e
s o l u t i o n  (2 0  m g/ml i n  lOmM T r i s .  CL [pH 8 . 0 ] )  w a s  a d d e d .  The f l a s k
w a s  h e l d  o v e r  t h e  o p e n  f l a m e  o f  a B u n s e n  b u r n e r  and s h a k e n
v i g o r o u s l y  u n t i l  t h e  l i q u i d  j u s t  s t a r t e d  t o  b o i l ,  b e f o r e  b e i n g
im m e r se d  i n  a l a r g e  b e a k e r  o f  b o i l i n g  w a t e r  f o r  40 s e c o n d s .  The
f l a s k  w a s  c o o l e d  by im m e r s io n  i n  i c e - c o l d  w a t e r  f o r  5 m i n u t e s .
The v i s c o u s  c o n t e n t s  w e r e  t r a n s f e r r e d  t o  Beckm an p o l y a l l c m e r
u l t r a c e n t r i f u g e  t u b e s  ( 1 3 . 5  ml n c m in a l  c a p a c i t y )  and  c e n t r i f u g e d
o
a t  3 2 , 0 0 0  rpm f o r  30  m i n u t e s  a t  4 C i n  a Beckm an T y p e - 7 O . l T i  r o t o r  
i n  a Beckm an L 8-70M  u l t r a c e n t r i f u g e .
d )  P u r i f i c a t i o n .  The p l a s m i d  DNA w a s  p u r i f i e d  by  c e n t r i f u g a t i o n  
t o  e q u i l i b r i u m  i n  c a e s iu m  c h l o r i d e - e t h i d i u m  b r c m id e  g r a d i e n t s .
The v o lu m e  o f  t h e  s u p e r n a t a n t  fro m  t h e  l a s t  u l t r a c e n t r i f u g a t i o n  
s t e p  w a s  m e a s u r e d  i n  a  s t e r i l e  50 ml m e a s u r e .  One g o f  f i n e l y  
g r o u n d  c a e s i u m  c h l o r i d e  ( BDH, P o o l e )  w as a d d e d  f o r  e v e r y  1 ml o f  
s o l u t i o n .  T h i s  w a s  g e n t l y  m ix e d  u n t i l  a l l  t h e  s a l t  had  d i s s o l v e d .  
F or e v e r y  10 ml o f  c a e s iu m  c h l o r i d e / D N A  s o l u t i o n ,  0 . 8  ml o f  
e t h i d i u m  b r c m id e  s o l u t i o n  ( 1 0  m g/m l i n  w a t e r )  w a s  a d d e d .  The  
s o l u t i o n  w a s  t r a n s f e r r e d  t o  B eckm an ’ Q u i c k s e a l '  1 3 x 5 1  mm t u b e s  
( f i l l e d  and b a l a n c e d  w i t h  l i g h t  p a r a f f i n  o i l  a s  n e c e s s a r y )  and  
c e n t r i f u g e d  i n  a Beckm an V T i 6 5  r o t o r  a t  4 5 , 0 0 0  rpm f o r  36  h o u r s
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a t  20 C. The b a n d s  o f  DNA w e r e  v i s u a l i z e d  w i t h  b r o a d - b a n d  
u l t r a v i o l e t  l i g h t  (UV P r o d u c t s  t r a n s i l l u m i n a t o r ) ,  t h e  l c w e r  band  
b e i n g  t h e  s u p e r c o i l e d  p l a s m i d  DNA. The s h o u l d e r  o f  t h e  c e n t r i f u g e  
t u b e  w a s  p u n c t u r e d  t o  c r e a t e  an  a i r w a y ,  and t h e  p l a s m i d  band  
re m o v e d  t h r o u g h  a Type 21 h y p o d e r m ic  n e e d l e  i n s e r t e d  i n t o  t h e  s i d e  
o f  t h e  t u b e  j u s t  b e lc w  t h e  b an d . The s o l u t i o n  w a s  d i s p e n s e d  i n t o  
0 . 1  ml a l i q u o t s  i n  s t e r i l e  m i c r o f u g e  t u b e s .
e )  R em oval o f  e t h i d i u m  b r c m id e .  The E tB r  w a s  rem oved  by r e p e a t e d  
e x t r a c t i o n  w i t h  i s o a m y l  a l c o h o l  u n t i l  a l l  t h e  p i n k  c o l o u r  had  
d i s a p p e a r e d  fro m  t h e  a q u e o u s  l a y e r .  An e q u a l  v o lu m e  o f  i s o a m y l  
a l c o h o l  w a s  m ix e d  w i t h  t h e  EtBr/DNA s o l u t i o n  and c e n t r i f u g e d  a t  
1 5 0 0 g  f o r  3 m i n u t e s  (MSE M ic r o C e n ta u r ,  F i s o n s ) .  The l c w e r  a q u e o u s  
p h a s e  w a s  t r a n s f e r r e d  t o  a f r e s h  m i c r o f u g e  t u b e  and t h e  e x t r a c t i o n  
r e p e a t e d .
f )  D i a l y s i s .  The f i n a l  s o l u t i o n  ( a p p r o x i m a t e l y  0 . 5  m l)  w as  
t r a n s f e r r e d  t o  p r e p a r e d  d i a l y s i s  t u b i n g  and  d i a l y s e d  a g a i n s t  5 x 1  
l i t r e  v o l u m e s  o f  TE ( T r i s . C l  [pH 8 . 0 ] ,  lOmM; EDTA, ImM) a t  4 ° C .
The a b s o r b a n c e  a t  26 0 nm o f  t h e  d i a l y s e d  s o l u t i o n  w a s  m e a s u r e d  i n  
a P e r k i n  E lm er  5 5 0 S  s p e c t r o p h o t o m e t e r .  A v a l u e  o f  0 . 2  w a s  
o b t a i n e d  r o u t i n e l y ,  e q u i v a l e n t  t o  1 j i g  o f  DNA p e r  j i l .
2 )  M in i  p l a s m i d  p r e p a r a t i o n
1 . 5  ml o f  an  o v e r n i g h t  c u l t u r e  o f  t h e  r e q u i r e d  p l a s m i d  s t r a i n  
o
( g r c w n  a t  37 C i n  LB b r o t h  s u p p le m e n t e d  w i t h  50 j j g / m l  a m p i c i l l i n )  
w a s  c e n t r i f u g e d  f o r  1 m in u t e  i n  a n  E p p e n d o r f  m i c r o f u g e  (MSE 
M ic r o C e n t a u r ,  F i s o n s ) .  The medium w a s  rem oved  by a s p i r a t i o n  and  
t h e  p e l l e t  r e s u s p e n d e d  i n  1 0 0  j i l  o f  a f r e s h l y - p r e p a r e d ,  i c e - c o l d  
s o l u t i o n  o f  g l u c o s e ,  50mM; EDTA, lOmM and T r i s . C l  [pH 8 . 0 ] ,  25mM,
c o n t a i n i n g  l y s o z y m e  4 m g /m l.  A f t e r  5 m i n u t e s  a t  r o a n  t e m p e r a t u r e ,
2 0 0 ^ 1  o f  a f r e s h l y - p r e p a r e d ,  i c e - c o l d  s o l u t i o n  o f  0 .2 N  NaQH and
1% SDS w a s  a d d e d ;  m i x i n g  b e i n g  by g e n t l e  i n v e r s i o n  t h r e e  t i m e s .
T h i s  w a s  s t o r e d  o n  i c e  f o r  5 m i n u t e s .  1 5 0 ^ 1  o f  an  i c e - c o l d
s o l u t i o n  o f  5M p o t a s s i u m  a c e t a t e  ( s e e  ' P r e p a r a t i o n  o f  S t o c k
S o l u t i o n s ' ) w as  a d d e d ,  and t h e  t u b e  v o r t e x e d  i n  an  i n v e r t e d
p o s i t i o n  f o r  10 s e c o n d s .  A f t e r  s t o r i n g  o n  i c e  f o r  5 m i n u t e s ,  t h e
o
c o n t e n t s  w e r e  c e n t r i f u g e d  i n  a m i c r o f u g e  f o r  5 m i n u t e s  a t  4 C.
The s u p e r n a t a n t  w a s  t r a n s f e r r e d  t o  a  f r e s h  t u b e ,  and a n  e q u a l
v o lu m e  o f  p h e n o l / c h l o r o f o r m  ( p h e n o l : c h i o r o f o r m : i s o a m y l  a l c o h o l
5 0 : 4 8 : 2 )  a d d e d .  The tw o  p h a s e s  w e r e  m ix e d  by g e n t l e  v o r t e x i n g .
A f t e r  c e n t r i f u g i n g  f o r  2 m i n u t e s  i n  a m i c r o f u g e ,  t h e  a q u e o u s
s u p e r n a t a n t  w a s  t r a n s f e r r e d  t o  a  f r e s h  t u b e .  Two v o l u m e s  o f
e t h a n o l  (>95%) w e r e  a d d e d ,  v o r t e x e d  and l e f t  t o  s t a n d  f o r  2
m i n u t e s  a t  room t e m p e r a t u r e .  The p r e c i p i t a t e d  DNA w a s  c e n t r i f u g e d
f o r  5 m i n u t e s  a t  r o a n  t e m p e r a t u r e  i n  a m i c r o f u g e .  The s u p e r n a t a n t
w a s  r e m o v e d ,  and t h e  t u b e s  l e f t  t o  d r a i n  i n  a n  i n v e r t e d  p o s i t i o n .
The p e l l e t  w a s  w a s h e d  w i t h  70% e t h a n o l ,  r e - c e n t r i f u g e d ,  and d r i e d
b r i e f l y  i n  a vacuum d e s i c c a t o r .  A p p r o x im a t e ly  50 j i l  o f  TE (pH
8 . 0 ) ,  c o n t a i n i n g  D N a s e - f r e e  p a n c r e a t i c  RNase ( 2 0 ^ i g / r a l )  w as  a d d e d .
o
The s a m p le s  w e r e  s t o r e d  a t  4 C u n t i l  r e q u i r e d  f o r  e l e c t r o p h o r e s i s .
The l a r g e - s c a l e  p l a s m i d  p r e p a r a t i o n  w a s  r o u t i n e l y  u s e d  f o r  
b a t c h  p u r p o s e s  f o r  c l o n i n g  e x p e r i m e n t s ,  w h i l s t  t h e  ' m i n i - p r e p '  w as  
u s e d  f o r  r a p i d  s c r e e n i n g  o f  i n d i v i d u a l  c l o n e s .
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4 . 8  C o n s t r u c t i o n  o f  a A d q a l A s p e c i a l i s e d  t r a n s d u c i n g  'p h a g e
a )  I n d u c t i o n  o f  a  X l y s o q e n . S t r a i n  G Y 247, w h ic h  i s  l y s o g e n i c  f o r  
A c l  c a r r y i n g  t h e  t e m p e r a t u r e - s e n s i t i v e  c l  r e p r e s s o r  p r o t e i n ,
OD /
w a s  a g i f t  f r a n  D r. A. W h e a ls  ( U n i v e r s i t y  o f  B a t h ) .  The s t r a i n  
o
w a s  s h a k e n  a t  3 0  C o v e r n i g h t  i n  10 ml o f  LB b r o t h  c o n t a i n i n g  lOmM
MgSO^. 0 . 5  ml o f  t h i s  o v e r n i g h t  c u l t u r e  w a s  u s e d  t o  i n o c u l a t e  50
o
ml o f  s u p p le m e n t e d  LB b r o t h ,  and t h e  c u l t u r e  s h a k e n  a t  30  C u n t i l
o
e a r l y  l o g  p h a s e  w a s  r e a c h e d ,  a f t e r  w h ic h  i t  w a s  s h a k e n  a t  42  C f o r
90 m i n u t e s  ( u n t i l  l y s i s  w a s  c o m p l e t e ) .  The c e l l  d e b r i s  w a s
c e n t r i f u g e d  a t  4 0 0 0  rpm (3 6 0 0  g )  i n  t h e  4 x 2 5  ml r o t o r  o f  t h e  MSE
o
C h i l s p i n  f o r  20 m i n u t e s  a t  4 C. The l y s a t e  ( r e f e r r e d  t o  a s  a l e w
f r e q u e n c y  t r a n s d u c i n g  [LFT] l y s a t e )  w a s  s t o r e d  i n  s c r o f - t o p p e d
o
g l a s s  c o n t a i n e r s  w i t h  a fe w  d r o p s  o f  c h l o r o f o r m  a t  4 C.
b )  L y s a t e  t i t e r . E , c o l l  W3350 (A p p e n d ix  1)  w as c h o s e n  a s  t h e
r e c i p i e n t  s t r a i n  i n  a l l  t h e  lam b d a  'p h a g e  e x p e r i m e n t s ,  b e c a u s e  i t s
qalKT g e n o t y p e  w o u ld  be  an  a p p r o p r i a t e  i n d i c a t o r  f o r  Ad g a l
t r a n s d u c i n g  a c t i v i t y .  An o v e r n i g h t  c u l t u r e  o f  W3350 w as p r e p a r e d
b y  i n o c u l a t i n g  10 0  ml o f  TB b r o t h  (A p p e n d ix  2) s u p p le m e n t e d  w i t h
o
0.2% m a l t o s e  and lOmM MgSO., and s h a k i n g  a t  30  C. The o v e r n i g h t
4
c u l t u r e  w a s  c e n t r i f u g e d  a t  4 , 0 0 0  rpm ( 3 , 6 0 0  g )  i n  t h e  4 x 2 5 0  ml
o
r o t o r  o f  t h e  MSE C h i l s p i n  f o r  20 m i n u t e s  a t  4 C, and r e s u s p e n d e d
o
i n  lOmM MgSO^, p r e -w a r m e d  t o  37 C. D i l u t i o n s  o f  t h e  'p h a g e  l y s a t e
- 2
w e r e  p r e p a r e d  i n  A - d i l  b u f f e r  (A p p e n d ix  2 )  i n  t h e  r a n g e  10 t o
10 The b a c t e r i a l  c e l l s  and  'p h a g e  l y s a t e  w e r e  p r e - a d s o r b e d  by
m i x i n g  0 . 1  ml o f  c e l l s  w i t h  0 . 1  ml o f  l y s a t e  a t  rocm t e m p e r a t u r e
f o r  5 m i n u t e s .  The p r e - a d s o r p t i o n  m i x t u r e  w a s  a d d ed  t o  3 . 5  ml o f
o
m o l t e n  TB t o p  a g a r  ( A p p e n d ix  2)  a t  42  C and p o u r e d  o v e r  TB p l a t e s
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( A p p e n d ix  2 ) .  The p l a t e s  w e r e  i n c u b a t e d  o v e r n i g h t  a t  37 C, 
r e s u l t i n g  i n  c l e a r  p l a q u e s ,  s i n c e  no l y s o g e n s  c o u l d  be fo r m e d  a t  
t h i s  r e s t r i c t i v e  t e m p e r a t u r e .  The r e s u l t s  from  f o u r  e x p e r i m e n t s  
a r e  sh ew n  i n  T a b l e  4 . 1 .
T a b l e  4 . 1 .  L y s a t e  t i t e r s  o f  A ’ ph age  a f t e r  l y s o g e n  i n d u c t i o n .
E x p e r im e n t  P la q u e  Mean P la q u e  fo r m in g
Number c o u n t s  u n i t s  p e r  ml
1 1 1 1 , 1 2 0 , 105 x lO 7 1 . 1 2 X 10 10
2 4 9 , 3 9 , 55 x lO 7 4 . 7 6 X i o 9
3 6 3 , 7 1 , 65 x lO 7 6 . 6 3 X i o 9
4 3 1 6 , 2 8 5 , 291 x lO 7 2 .97 X i o 10
c )  S e l e c t i o n  o f  a Lambda l y s o g e n  o f  s t r a i n  C 600 . J3. c o l i  C600 w as
u s e d  a s  t h e  g a l *  d on or  i n  t h e  c o n s t r u c t i o n  o f  t h e  A g a l  s p e c i a l i s e d
t r a n s d u c i n g  ' p h a g e ,  b e c a u s e  t h i s  s t r a i n  w a s  u s e d  by S u t h e r l a n d  e t
a l .  ( 1 9 7 2 )  f o r  t h e i r  p h r  a m p l i f i c a t i o n  s t u d i e s .  T h i s  s t r a i n  w a s
o
g r e w n  o v e r n i g h t  a t  3 0 C i n  LB b r o t h  s u p p le m e n t e d  w i t h  lOmM MgSO^
and 0.2% m a l t o s e .  The s u s p e n s i o n  w a s  c e n t r i f u g e d  a t  250 0  g f o r  20
m i n u t e s  and r e s u s p e c y i e d  i n  h a l f  t h e  o r i g i n a l  v o lu m e  o f  lOmM MgSO^.
0 . 1  ml o f  c e l l s  w a s  m ix e d  w i t h  3 . 5  ml o f  m o l t e n  TB s o f t  a g a r  a t  
o
4 2  C and p o u r e d  o v e r  TB p l a t e s .  Once t h e  a g a r  had  s o l i d i f i e d ,  t h e  
s u r f a c e  w a s  s p o t t e d  w i t h  0 . 0 5  ml o f  t h e  LFP l y s a t e  o b t a i n e d  frcm
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i n d u c t i o n  o f  G Y 247. The p l a t e s  w e r e  i n c u b a t e d  o v e r n i g h t  a t  30  C.
An i n o c u l a t i n g  l o o p f u l  w a s  p i c k e d  from  t h e  t u r b i d  c e n t r e  o f  t h e
p l a q u e  and s t r e a k e d  o n t o  t h e  s u r f a c e  o f  a  f r e s h  TB p l a t e .  A f t e r
o
i n c u b a t i o n  o v e r n i g h t  a t  30 C, c o l o n i e s  w e r e  r e p l i c a t e d  o n t o  TB
o o
p l a t e s  and i n c u b a t e d  a t  30 and 42 C. C e l l s  u n a b le  t o  grow a t  
o
4 2  C (d u e  t o  c e l l  l y s i s )  w e r e  i d e n t i f i e d  a s  Lambda l y s o g e n s .
d )  S e l e c t i o n  o f  a XdqalX d o u b l e  l y s o g e n . The Lambda l y s o g e n  o f
C600 w a s  i n d u c e d  a s  d e s c r i b e d  p r e v i o u s l y ,  and t h e  t i t e r  o f  t h e  LFT
l y s a t e  ( l e w  g a l a c t o s e  t r a n s d u c i n g  a c t i v i t y )  d e t e r m i n e d .  E. c o l l
W3350 ( g a lK T ) w a s  u s e d  a s  t h e  GAL m arker f o r  g a l a c t o s e  t r a n s d u c i n g
a c t i v i t y .  W3350 w a s  g rew n  o v e r n i g h t  i n  LB b r o t h  s u p p le m e n t e d  w i t h
lOmM MgSO. and 0.2% m a l t o s e ,  and r e s u s p e n d e d  i n  h a l f  t h e  o r i g i n a l  
4
v o lu m e  o f  lOmM MgSO^. 0 . 1  ml o f  c e l l s  w a s  m ix e d  w i t h  3 . 5  ml o f
o
m o l t e n  TB s o f t  a g a r  a t  4 2  C and p o u r e d  o v e r  e o s i n - m e t h y l e n e
b l u e - g a l a c t o s e  (E M B -ga l)  p l a t e s  (A p p e n d ix  2 ) .  S t r a i n s  w h ic h  c a n
u t i l i s e  g a l a c t o s e  a p p e a r  a s  p u r p l e  c o l o n i e s  o n  t h i s  m edium , w h e r e a s
g a l  c o l o n i e s  a p p e a r  w h i t e .  A f t e r  t h e  a g a r  h ad  s o l i d i f i e d ,  0 . 0 5
ml a l i q u o t s  o f  t h e  LFT l y s a t e  grow n o n  C600 w e r e  s p o t t e d  o n t o  t h e
o
s u r f a c e .  The p l a t e s  w e r e  i n c u b a t e d  a t  30 C f o r  4 8  h o u r s .  F i f t y  
o n e  p u r p l e  c o l o n i e s  w e r e  p i c k e d  from  t h e  c e n t r e  o f  t h e  t u r b i d
o
p l a q u e s ,  and r e p l i c a t e d  o n t o  EMB-gal p l a t e s  and i n c u b a t e d  a t  30  
and  4 2 ° C .  E i g h t  o f  t h e  c o l o n i e s  e x h i b i t e d  g r e w th  a t  t h e  h i g h e r  
t e m p e r a t u r e ,  and 10 c o l o n i e s  sh ew ed  n o  s p o n t a n e o u s  s e g r e g a t i o n  o f  
GAL m u t a n t s .  T h e s e  w e r e  p r o b a b l y  Lambda l y s o g e n s ,  b u t  GAL+ b y  
r e c o m b i n a t i o n .  Of t h e  r e m a i n i n g  X d q a lX ' d o u b l e  l y s o g e n s ' , one  w a s  
p i c k e d  f o r  f u r t h e r  a n a l y s i s .
e )  I n d u c t i o n  o f  W3350 XdqalX l y s o g e n  and l y s a t e  t i t e r . The l y s o g e n
w as grcw n  and in d u c e d  a s  d e s c r i b e d  p r e v i o u s l y .  The r e s u l t i n g  
l y s a t e  i s  te r m e d  a h i g h - f r e q u e n c y  t r a n s d u c i n g  (HFT) l y s a t e ,  h a v i n g  
h i g h  g a l a c t o s e  t r a n s d u c i n g  a c t i v i t y .  T he W3350 Xd q a l X l y s o g e n  w a s  
a d o u b l e - l y s o g e n  o f  b o t h  Xd q a l  and X’ p h a g e  b e c a u s e  i t  m u st  h a v e  
g a i n e d  Xd q a l  t o  becom e GAL+ , b u t  i n  a d d i t i o n ,  i t  w i l l  a l s o  h a v e  
b e e n  i n f e c t e d  w i t h  X 'p h a g e  due t o  t h e  v e r y  s m a l l  p r o p o r t i o n  o f  X 
d g a l  ’ p h a g e  p a r t i c l e s  i n  t h e  LFT l y s a t e .  I t  w a s  t h e r e f o r e  
p o s s i b l e  t o  d e t e r m i n e  t h e  t i t e r  o f  t h e  X ' h e l p e r '  'p h a g e ,  and t h e  X 
d g a l  t r a n s d u c i n g  ' p h a g e .  The X 'p h a g e  t i t e r  w a s  d e t e r m in e d  a s
9
d e s c r i b e d  p r e v i o u s l y ,  and a v a l u e  o f  2 . 8  x  10 p la q u e  f o r m in g
u n i t s  ( p f u )  p e r  ml w a s  o b t a i n e d .  The t r a n s d u c i n g  a c t i v i t y  w as
a s s a y e d  u s i n g  b o t h  a ' s p o t '  a s s a y ,  and a f u l l  a s s a y .  For t h e
' s p o t '  a s s a y ,  W3350 w a s  grcw n  o v e r n i g h t  and o v e r l a i d  i n  TB s o f t
a g a r  o v e r  E M B - g a la c t o s e  p l a t e s  a s  d e s c r i b e d  p r e v i o u s l y .  0 . 0 5  ml
a l i q u o t s  o f  t h e  HFT l y s a t e  w e r e  s p o t t e d  o n t o  t h e  p l a t e .  A f t e r  
o
i n c u b a t i o n  a t  30  C f o r  4 8 h o u r s ,  an  i n t e n s e  p u r p l e  c o l o u r  w a s  n o t e d
i n  t h e  c e n t r e  o f  e a c h  p l a q u e .  T h i s  i n d i c a t e d  t h a t  t h e  m a j o r i t y  o f
l y s o g e n s  fo r m e d  h a d  a c q u i r e d  t h e  GAL+ p h e n o t y p e .  For t h e  f u l l
o
a s s a y ,  W3350 w a s  grow n o v e r n i g h t  a t  3 0 C i n  LB m edium, s u p p le m e n t e d
w i t h  lOmM MgSO^ and 0.2% m a l t o s e ,  and r e s u s p e n d e d  i n  h a l f  t h e
o r i g i n a l  v o lu m e  o f  lOmM MgSO^. 0 . 1  ml a l i q u o t s  o f  t h e  c e l l s  w e r e
0 -6i n c u b a t e d  w i t h  10 t o  10 d i l u t i o n s  o f  t h e  HFT l y s a t e  ( p r e p a r e d  i n
X - d i l  b u f f e r ) ,  a t  r o a n  t e m p e r a t u r e  f o r  30  m i n u t e s .  T h i s
p r e - a d s o r p t i o n  m i x t u r e  w a s  p l a t e d  i n  m o l t e n  F - t o p  a g a r  (A p p e n d ix  2 )
o v e r  g a l a c t o s e  m in im a l-m e d iu m  p l a t e s  ( A p p e n d ix  2 ) .  The c o l o n i e s
o
w e r e  c o u n t e d  a f t e r  7 2 h o u r s  i n c u b a t i o n  a t  30  C. A v a l u e  o f  1 . 1 9  x
5 410 p e r  ml w a s  o b t a i n e d .  T h i s  w a s  10 l c w e r  t h a n  t h e  t i t e r  o f  t h e
lam b d a  ' h e l p e r '  ' p h a g e .  H cw ev er ,  i t  s h o u l d  b e  n o t e d  t h a t  Xd q a l
c a n n o t  form  l y s o g e n s  v e r y  r e a d i l y .  T h i s  d o e s  n o t  a p p e a r  t o  be
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r e l a t e d  t o  d e l e t i o n  o f  g e n e s  r e s p o n s i b l e  f o r  i n t e g r a t i o n  an d  
r e c o m b i n a t i o n ,  s i n c e  t h e s e  a r e  p r e s e n t  i n  Ad g a l  ' p h a g e s .  I t  i s  • 
t h o u g h t  t h a t  t h e  norm al Lambda ' h e l p e r '  'p h a g e  i n t e g r a t e s  a t  t h e  E.  
c o l i  a t t l  c h r a n o s o m a l  a t t a c h m e n t  s i t e  and p r o v i d e s  a s i t e  a t  w h ic h  
^ d g a l  A 'phage c a n  i n t e g r a t e .  T h e r e f o r e ,  a s  t h e  lam bda 'p h a g e  
t i t e r  i s  d e c r e a s e d  by d i l u t i o n ,  t h e  Adgal b e c o m e s  r e l a t i v e l y  l e s s  
a b l e  t o  form  l y s o g e n s .  H cw ev er ,  d e s p i t e  t h e s e  c o n s i d e r a t i o n s , t h e  
d a t a  d i d  i n d i c a t e  t h a t  t h e  p r o p o s e d  W3350 Ad g a l A ' d o u b l e  l y s o g e n '  
d i d  p r o d u c e  A 'p h age  p a r t i c l e s  w h i c h  c a r r i e d  t h e  c h r a n o s o m a l  r e g i o n  
b e t w e e n  g a l  and a t t A .
f )  I s o l a t i o n  o f  AdgalA DNA ( a f t e r  S i l h a v y  e t  a l . ,  1 9 8 4 ) . W3350
Ad g a l A w a s  g r c w n  o v e r n i g h t  i n  LB b r o t h  s u p p le m e n t e d  w i t h  lOmM
o
MgSO. and 0.2% m a l t o s e  a t  30  C. T h i s  c u l t u r e  w a s  s u b c u l t u r e d  1 i n  
4
O
1 0 0  i n t o  1 l i t r e  o f  f r e s h  s u p p le m e n t e d  LB b r o t h  and s h a k e n  a t  30
o
f o r  60  m i n u t e s ,  b e f o r e  b e i n g  i n d u c e d  a t  42  C f o r  30  m i n u t e s .  The
o
c u l t u r e  w a s  t h e n  s h a k e n  a t  37  C f o r  90 m i n u t e s ,  u n t i l  l y s i s  w a s
c o m p l e t e .  One ml o f  c h l o r o f o r m  w a s  a d d e d ,  and t h e  s u s p e n s i o n
s h a k e n  f o r  a f u r t h e r  30  m i n u t e s .  The l y s a t e  w a s  c h i l l e d  t o  ro a n
t e m p e r a t u r e  and  DNase I  and  R N ase A a d d ed  t o  a f i n a l  c o n c e n t r a t i o n
o f  l ^ p g / m l .  T h i s  w a s  i n c u b a t e d  a t  r o a n  t e m p e r a t u r e  f o r  30  m i n u t e s .
S o l i d  NaCl w a s  a d d ed  t o  a f i n a l  c o n c e n t r a t i o n  o f  1M ( 5 8 . 4  g p e r
l i t r e  o f  l y s a t e )  and  d i s s o l v e d  by g e n t l e  m i x i n g .  A f t e r  h o l d i n g  o n
i c e  f o r  60  m i n u t e s ,  t h e  l y s a t e  w a s  c e n t r i f u g e d  a t  1 1 , 0 0 0  g ( 8 3 0 0
rpm i n  t h e  6 x 2 5 0  ml r o t o r  o f  t h e  MSE S u p e r s p e e d  1 8 )  f o r  10  m i n u t e s  
o
a t  4 C. The v o lu m e  o f  t h e  s u p e r n a t a n t  w a s  m e a s u r e d ,  and p o l y ­
e t h y l e n e  g l y c o l  6 0 0 0  (PEG, BDH, P o o l e )  a d d ed  t o  10% f i n a l  
c o n c e n t r a t i o n .  The PEG 6 000  w a s  d i s s o l v e d  by s t i r r i n g  o n  a m a g n e t i c  
s t i r r e r  a t  roam t e m p e r a t u r e .  A f t e r  c o m p l e t e  d i s s o l u t i o n ,  t h e
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l y s a t e  w a s  h e l d  o n  i c e - w a t e r  f o r  e x a c t l y  6 0 m i n u t e s ,  t o  a l l o w  t h e
'p h a g e  p a r t i c l e s  t o  c o - p r e c i p i t a t e  w i t h  t h e  PEG. The p e l l e t  w a s
c o l l e c t e d  by  c e n t r i f u g a t i o n  a t  1 1 , 0 0 0  g ( 8 3 0 0  rpm i n  t h e  6 x 2 5 0  ml
r o t o r  o f  t h e  MSE S u p e r s p e e d  1 8 )  f o r  10  m i n u t e s  a t  4 °C ,  and
r e s u s p e n d e d  i n  TM b u f f e r  ( T r i s . C l  [pH 7 . 5 ] ,  50mM MgS04 , lOmM). The
P E G -'p h a g e  s u s p e n s i o n  w a s  e x t r a c t e d  w i t h  an  e q u a l  v o lu m e  o f
c h l o r o f o r m  i n  a s e a l e d  B eckm an 1 3 . 5  ml p o l y a l l a n e r  u l t r a c e n t r i f u g e
t u b e ,  by g e n t l e  i n v e r s i o n  f o r  1 m i n u t e .  T h i s  w a s  c e n t r i f u g e d  a t
2 , 0 0 0  g f o r  10 m i n u t e s  t o  s e p a r a t e  t h e  l a y e r s .  The u p p e r  a q u e o u s
l a y e r  w a s  t r a n s f e r r e d  t o  a s t e r i l e  t u b e ,  and t h e  P E G -c h lo r o fo r m
i n t e r f a c e  r e - e x t r a c t e d  w i t h  5 ml o f  TM. A g l y c e r o l  s t e p - g r a d i e n t
w a s  p r e p a r e d  i n  a B eckm an 1 3 . 5  ml p o l y a l l a n e r  t u b e ,  c o m p r i s i n g  3 ml
o f  40 p e r  c e n t  g l y c e r o l ,  3 ml o f  5 p e r  c e n t  g l y c e r o l  and
a p p r o x i m a t e l y  7 ml o f  l y s a t e ,  a d d ed  i n  t h a t  o r d e r .  T h i s  w a s
c e n t r i f u g e d  a t  3 4 4 0 0  rpm i n  t h e  Beckman T y p e - 7 0 . I T i  r o t o r  f o r  60  
o
m i n u t e s  a t  4 C. The s u p e r n a t a n t  w a s  d i s c a r d e d ,  and t h e  ’ p h age
p e l l e t  r e s u s p e n d e d  i n  1 ml o f  TM b u f f e r .  RNase A and DNase I  w e r e
a d d e d  t o  a f i n a l  c o n c e n t r a t i o n  o f  10 ^ ig /m l  and 1 ^ ig /m l ,
o
r e s p e c t i v e l y .  T h i s  w a s  i n c u b a t e d  a t  37 C f o r  3 0  m i n u t e s ,  a f t e r
w h ic h  0 . 2  f i n a l  v o lu m e  o f  STEP b u f f e r  (0.5% SDS, T r i s . C l  [pH 7 . 5 ] ,
50mM; EDTA, 0 .4M ; p r o t e i n a s e  K pow der ad ded  t o  a f i n a l
c o n c e n t r a t i o n  o f  1 m g/m l i m m e d i a t e l y  b e f o r e  u s e )  w a s  a d d e d .  T h i s  
o
w a s  h e a t e d  t o  50 C f o r  1 5  m i n u t e s ,  and t h e n  e x t r a c t e d  w i t h  an  
e q u a l  v o lu m e  o f  T r i s - e q u i l i b r a t e d  p h e n o l .  The l o w e r  p h e n o l i c  p h a s e  
w a s  r e m o v e d ,  l e a v i n g  t h e  i n t e r f a c e  and t h e  a q u e o u s  p h a s e , w h i c h  w e r e  
r e - e x t r a c t e d  w i t h  p h e n o l / c h l o r o f o r m .  The p h a s e s  w e r e  s e p a r a t e d  by  
c e n t r i f u g a t i o n  a t  l , 0 0 0 g  (Beckm an T y p e - 7 0 . I T i  r o t o r )  f o r  5 m i n u t e s .
The t o p  a q u e o u s  l a y e r  w a s  t r a n s f e r r e d  t o  a  s t e r i l e  p o l y p r o p y l e n e  
c e n t r i f u g e  t u b e  and e x t r a c t e d  w i t h  an  e q u a l  v o lu m e  o f  c h l o r o f o r m .
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Once a g a i n  t h e  p h a s e s  w e r e  s e p a r a t e d  by c e n t r i f u g a t i o n .  The u p p er
a q u e o u s  l a y e r  w a s  t r a n s f e r r e d  t o  p r e p a r e d  d i a l y s i s  t u b i n g ,  and
d i a l y s e d  a g a i n s t  5 x 1  l i t r e  c h a n g e s  o f  TE b u f f e r  (pH 8 . 0 )  a t  r o a n
t e m p e r a t u r e .  A 1 i n  10  d i l u t i o n  o f  t h e  d i a l y s e d  p r e p a r a t i o n  w a s
m ade, and t h e  a b s o r b a n c e  d e t e r m i n e d  a t  260  and 280 nm. The v a l u e s
o b t a i n e d  w e r e  0 . 0 8  and 0 . 0 4 ,  r e s p e c t i v e l y .  The v a l u e  o f  0 . 0 8  f o r
t h e  OD2 6 o r e s u l t e ^ a n  e s t i m a t e  o f  7 8  j i g / j i l  o f  DNA, a s s u m in g  t h e
- 3
m o la r  e x t i n c t i o n  c o e f f i c i e n t  t o  be 6 . 7  x  10 and 660  t o  be t h e  
m o l e c u l a r  w e i g h t  o f  a  b a s e - p a i r .  The y i e l d  o f  Lambda DNA from  t h i s  
p r o t o c o l  w a s  a p p r o x i m a t e l y  1 mg p e r  l i t r e  o f  l y s a t e .
g )  S p h I  r e s t r i c t i o n  o f  A d q a l l  DNA. The lam bda DNA, p r e p a r e d  from  
t h e  p r o c e d u r e  d e s c r i b e d  a b o v e ,  w a s  r e s t r i c t e d  w i t h  20 u n i t s / j i g  o f  
r e s t r i c t i o n  e n d o n u c l e a s e  S p h I , a c c o r d i n g  t o  t h e  p r o t o c o l  shown  
b e l o w .  In  a d d i t i o n ,  Lambda DNA, p u r c h a s e d  f r a n  B o e h r i n g e r  (L e w e s )  
w a s  s i m i l a r l y  r e s t r i c t e d  w i t h  S p h I  and a l s o  w i t h  25  u n i t s / j i g  o f  
E c o R I .
Sp h I r e s t r i c t i o n  e n d o n u c l e a s e  4 ^ i n i t s / u l
D i l u t i o n  A
l ' ^ i l  Sp h I + 9 yH  b u f f e r  = 0 . 4  u n i t s ^ i l
Enzyme lO x DNA Enzyme H2 °
T o t a l L ane
C o n c e n t r a t i o n B u f f e r 9 1 I ) ( ; i l ) ( ; i l ) 9 1 I )
0 1 . 2 1 - VO . 00 12 1
20 1 . 2 1 5A . CO 12 2
0 1 . 2 1 - 9 . 8 12 3
20 1 . 2 1 5A
CO. 1 2 4
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E coR I r e s t r i c t i o n  e n d o n u c l e a s e  5 u n i t s / p l
D i l u t i o n  B
l p l  E coR I + 9 b u f f e r  = 0 . 5  u n i t s / p l
Enzyme lO x  DNA Enzyme B.^0 T o t a l  Lane
C o n c e n t r a t i o n  B u f f e r  ( p i )  ( p i )  ( p i )  ( p i )
0 2 . 4  1 8 . 6  12  5
25  2 . 4  1 5B 3 . 6  12  6
L a n e s  3 and 4 Xd q a l X DNA
L a n e s  1 , 2 , 5  and 6 X DNA ( B o e h r i n g e r )
o
T he s a m p le s  w e r e  i n c u b a t e d  a t  37 C f o r  8 h o u r s .
The r e s t r i c t e d  s a m p l e s  w e r e  e l e c t r o p h o r e s e d  i n  a 0 . 8  p e r  c e n t  
a g a r o s e  g e l  a t  40 V f o r  6 h o u r s .  A p h o t o g r a p h  o f  a t y p i c a l  g e l  i s  
shew n i n  F i g .  4 . 2 .  The p h o t o g r a p h i c  n e g a t i v e  w a s  s c a n n e d  w i t h  a  
J o y c e - L o e b l  m i c r o d e n s i t c m e t e r .  The r e s u l t i n g  t r a c e  ( F i g .  4 . 3 )  w a s  
u s e d  t o  com p are  t h e  e l e c t r o p h o r e t i c  m o b i l i t i e s  o f  r e s t r i c t i o n  
f r a g m e n t s ,  by m e a s u r in g  t h e  d i s t a n c e  fr c m  t h e  p e a k  r e p r e s e n t i n g  t h e  
l o a d i n g  w e l l  t o  e a c h  p e a k  c o r r e s p o n d i n g  t o  a DNA f r a g m e n t .  The  
S p h I  and E coR I d i g e s t s  o f  t h e  Lambda DNA p u r c h a s e d  frcm  B o e h r i n g e r  
s e r v e d  a s  a c o n t r o l  w h ic h  p e r m i t t e d  t h e  c o n s t r u c t i o n  o f  a s t a n d a r d  
c u r v e ,  by p l o t t i n g  t h e  d i s t a n c e  m i g r a t e d  by e a c h  f r a g m e n t  a s  a 
f u n c t i o n  o f  i t s  s i z e .  N o v e l  b a n d s ,  i d e n t i f i e d  a s  b e i n g  p r e s e n t  i n  
t h e  X dqalX Sp h I r e s t r i c t i o n ,  b u t  a b s e n t  from  t h e  X c o n t r o l  SphI  
r e s t r i c t i o n ,  w e r e  a l s o  p l o t t e d  o n  t h i s  c u r v e ,  from  w h ic h  t h e i r  s i z e  
c o u l d  be  d e t e r m i n e d .  The p l o t  o f  t h e  r e l a t i v e  d i s t a n c e s  m i g r a t e d  
by t h e  b an d s  a s  a f u n c t i o n  o f  t h e i r  m o l e c u l a r  w e i g h t s  i s
sh ew n  i n  F i g .  4 . 4 ,  and t h e  d a t a  p e r t a i n i n g  t o  t h i s  f i g u r e  a r e  g i v e n
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Fig. 4.2. Electrophoretic separation of unrestricted ADNA 
(Lanes 1 and 5), SphI restricted ADNA (Lane 2) , unrestricted 
AdgalA DNA (Lanes 3 and 7), SphI restricted AdqalA DNA (lanes 
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Fig. 4.3. Microdensitometer traces of the photographic 
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Fig. 4.4. Determination of base-pair lengths of novel 
fragments produced by SphI restriction of AdgalA DNA (0) . The 
standard curve represents EcoRI (■) and SphI (•) restriction 
of Xcontrol DNA
T a b l e  4 . 2 .  R e l a t i v e  d i s t a n c e  m i g r a t e d  by  E c o R I  a n d  S p h I
r e s t r i c t i o n  f r a g m e n t s  o f  Adgal X and A DNA a s  a 
f u n c t i o n  o f  t h e i r  m o l e c u l a r  w e i g h t .
M o l e c u l a r D i s t a n c e M ig r a t e d
W e ig h t S p h I EcoRI
4 8 5 0 2 2 1 . 0 2 1 .0
N o v e l 2 2 . 4 -
21226 - 2 2 . 5
1 2 0 4 4 / 1 1 9 4 0 2 8 . 5 -
97 91 3 0 . 2 -
90 83 3 1 . 2 -
7 4 2 1 - 3 4 . 7
N o v e l 3 6 . 0 -
5 8 0 4 /5 6 4 3 - 4 1 . 5
4 8 7 8 - 4 6 . 3
3 5 3 0 - 5 5 . 9
300 3 6 2 . 7 -
221 2 7 4 . 5
N o v e l 1 0 0 . 5 _
i n  T a b l e  4 . 2 .  I t  w i l l  b e  s e e n  t h a t  Sp h I r e s t r i c t i o n  o f  t h e  Ad g a l  
p r e p a r a t i o n  r e s u l t e d  i n  t h e  a p p e a r a n c e  o f  3 n o v e l  b a n d s  i n  a d d i t i o n  
t o  t h e  e x p e c t e d  X r e s t r i c t i o n  p a t t e r n  ( 0 i n  F i 9  4 . 4 ) .  The  
m i g r a t i o n  o f  t h e  3 b a n d s  c o r r e s p o n d e d  t o  m o l e c u l a r  w e i g h t s  o f  
a p p r o x i m a t e l y  2 3 . 5 - ,  7 -  and 1 - k b p ,  r e s p e c t i v e l y .  T h e s e  d a t a ,  and  
t h e  d e m o n s t r a t i o n  o f  g a l a c t o s e  t r a n s d u c i n g  a c t i v i t y  i n  v i v o , 
s t r o n g l y  i n d i c a t e d  t h a t  t h e  Ad g a l X p r e p a r a t i o n  c a r r i e d  t h e  
c h r c m o sc m a l  r e g i o n  up t o  and i n c l u d i n g  t h e  galKT o p e r o n .
T h e r e f o r e ,  i t  w a s  a p p r o p r i a t e  t o  a t t e m p t  t o  c l o n e  t h e  phrA l o c u s  
u s i n g  t h i s  p r e p a r a t i o n  a s  t h e  s o u r c e  o f  ' d o n o r '  DNA.
4 . 9  C lo n in g  o f  t h e  phrA Gene P r o d u c t .
1 ) P r e p a r a t i o n  o f  an  S p h I  p a r t i a l  d i g e s t  o f  XdgalX DNA. I t  w a s
i m p o r t a n t  t o  a c h i e v e  a p a r t i a l  d i g e s t  o f  t h e  d on or  DNA i n  c a s e  t h e
g e n e  o f  i n t e r e s t  had  a n  S p h I  r e s t r i c t i o n  e n d o n u c l e a s e  c l e a v a g e  s i t e
w i t h i n  i t .  The f o l l o w i n g  r e a c t i o n  m i x t u r e  w a s  p r e p a r e d  and  
o
i n c u b a t e d  a t  37 C f o r  2 h o u r s .
10 ^1  
2 p i  
1 p i  
1 p i
The r e s t r i c t i o n  e n d o n u c l e a s e  w a s  i n a c t i v a t e d  by t h e  a d d i t i o n
o
o f  0 . 1  v o lu m e  o f  lOOmM EDTA and h e a t i n g  t o  75  C f o r  5 m i n u t e s .  The  
r e s t r i c t e d  DNA w a s  p r e c i p i t a t e d  by t h e  a d d i t i o n  o f  0 . 4  v o lu m e  o f  5M 
ammonium a c e t a t e  and 2 v o lu m e s  o f  i s o - p r o p a n o l .  The r e a c t i o n  
m i x t u r e  w a s  c e n t r i f u g e d  f o r  10 m i n u t e s  i n  a m i c r o f u g e  a t  r o a n
Xd g a l X DNA (5  p g ) 
lO x  S p h I  b u f f e r  
SphI (4  u n i t s / ) i l )
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t e m p e r a t u r e .  The s u p e r n a t a n t  w a s  a s p i r a t e d  o f f ,  and t h e  p e l l e t
o
r e s u s p e n d e d  i n  10 j i l  o f  TE (pH 8 . 0 ) .  T h i s  w a s  s t o r e d  a t  4 C u n t i l  
r e q u i r e d .
2 )  P r e p a r a t i o n  o f  S p h I  r e s t r i c t e d  pBR3 22 DNA. The f o l l o w i n g
o
r e a c t i o n  m i x t u r e  w a s  p r e p a r e d ,  and i n c u b a t e d  a t  37 C f o r  16 h o u r s : -
pBR322 DNA (1 0  ^ g )  30 p i
lO x  S p h I  b u f f e r  5 ^il
SphI (4  u n i t s / p l )  2 j i l
H2 0 13 j *
A 5 j H  a l i q u o t  w a s  e l e c t r o p h o r e s e d  t o  d e t e r m i n e  i f  t h e  
r e s t r i c t i o n  w a s  c o m p l e t e .  R e f e r e n c e  t o  F i g .  4 . 5  (L an e  1 )  i n d i c a t e d  
t h e r e  w a s  n o  s u p e r c o i l e d  o r  o p e n  c i r c l e  DNA p r e s e n t ,  com pared  w i t h  
t h e  u n - r e s t r i c t e d  s a m p le  show n i n  Lane 8 .  The r e s t r i c t i o n  
e n d o n u c l e a s e  w a s  i n a c t i v a t e d ,  and t h e  p l a s m i d  DNA p r e c i p i t a t e d ,  a s  
d e s c r i b e d  a b o v e .  The p e l l e t  w a s  r e s u s p e n d e d  i n  20 j x l  o f  TE (pH 
8 . 0 ).
3 )  A l k a l i n e  p h o s p h a t a s e  t r e a t m e n t  o f  Sp h I r e s t r i c t e d  pBR322 DNA.
o
The f o l l o w i n g  r e a c t i o n  m i x t u r e  w a s  p r e p a r e d ,  and i n c u b a t e d  a t  37 C 
f o r  1 h o u r : -
S p h l  r e s t r i c t e d  pBR322 DNA 20 j j I
lO x  AP b u f f e r  2 . 5  jjI
A l k a l i n e  p h o s p h a t a s e  ( 1 9  u n i t s / j i l )  1 j i l
H^O 1 . 5  jjI
The a l k a l i n e  p h o s p h a t a s e  w a s  i n a c t i v a t e d  by a d d in g  0 . 1  v o lu m e  
o f  lOOmM EGTA and h e a t i n g  t o  65°C  f o r  45  m i n u t e s .  The DNA w a s  
p r e c i p i t a t e d  by a d d in g  0 . 4  v o lu m e  o f  5M ammonium a c e t a t e  and  2 
v o l u m e s  o f  i s o - p r o p a n o l .  A f t e r  c e n t r i f u g a t i o n ,  t h e  DNA p e l l e t  w a s  
r e s u s p e n d e d  i n  20 ^ il  o f  TE (pH 8 . 0 ) .
The a c t i v i t i e s  o f  t h e  a l k a l i n e  p h o s p h a t a s e  and T4 DNA l i g a s e  
w e r e  t e s t e d  i n  t h e  f o l l o w i n g  w a y : -
+ SphI -  S p h I
Each  r e a c t i o n  m i x t u r e  w a s  a n a l y s e d  by a g a r o s e  g e l  e l e c t r o ­
p h o r e s i s ,  and t h e  p h o t o g r a p h  i s  sh ew n  i n  F i g .  4 . 5 .  T h e r e  w a s  
e v i d e n c e  o f  l i g a t i o n  i n  L an e  3 ,  w h ic h  u s e d  r e s t r i c t e d  pBR322 DNA a s  
t h e  s u b s t r a t e ,  b u t  t h i s  w a s  n o t  a p p a r e n t  i n  L an e  1 ,  w h e r e  t h e  DNA 
h a d  a l s o  b e e n  t r e a t e d  w i t h  a l k a l i n e  p h o s p h a t a s e .  T h e se  d a t a  
i n d i c a t e d  t h a t  b o t h  t h e  a l k a l i n e  p h o s p h a t a s e  and T4 DNA l i g a s e  g a v e  
s a t i s f a c t o r y  r e s u l t s  u n d er  t h e  e x p e r i m e n t a l  c o n d i t i o n s  u s e d  i n  t h e  
w o r k .
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1 2 3 4 5 6 7 8
Fig. 4.5. Electrophoretic separation of SphI restricted, 
alkaline phosphatase-treated pBR322 DNA, + DNA Ligase (Lane 1) 
- DNA Ligase (Lane 2), SphI restricted pBR322 DNA + DNA Ligase 
(Lane 3), - DNA Ligase (lane 4). Lanes 5 - 8 as 1 - 4 but 
without SphI restriction.
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4 )  L i g a t i o n  o f  XdqalX / S p h I  w i t h  pBR3 2 2 / S p h I / A P . The f o l l o w i n g
o
r e a c t i o n  m i x t u r e  w a s  p r e p a r e d ,  and i n c u b a t e d  a t  14  C f o r  20 h o u r s : -
pBR3 2 2 /  S p h l /A P 5 p i
Adgal 1 / S p h I 5 p i
lO x  l i g a t i o n  b u f f e r 3 p
lOOmM DTT 3
6mM ATP 3 J11
T4 DNA l i g a s e  (1  u n i t / p l ) 2 7 1
h20  9 p
5 )  P r e p a r a t i o n  o f  AS46 c e l l s  c o m p e t e n t  f o r  t r a n s f o r m a t i o n  ( a d a p t e d
f r c m  M a n i a t i s  e t  a l . ,  1 9 8 2 ) .  S t r a i n  AS46 w a s  grow n o v e r n i g h t  i n
LB b r o t h  s u p p le m e n t e d  w i t h  5mM CaCl^ a t  3 7 ° C .  1 0 0  ml o f
p r e -w a r m e d ,  s u p p le m e n t e d  LB b r o t h ,  i n  a 250  ml f l a s k ,  w as
i n o c u l a t e d  w i t h  1 ml o f  t h e  o v e r n i g h t  c u l t u r e .  The c e l l s  w e r e
g r c w n  w i t h  v i g o r o u s  s h a k i n g  u n t i l  an  o d 47 q 0 . 5  w a s  r e a c h e d
7
( a p p r o x i m a t e l y  5 x  10 c e l l s / m l ) .  The c u l t u r e  w a s  c h i l l e d  o n  i c e
f o r  10  m i n u t e s ,  and t h e n  c e n t r i f u g e d  a t  2 , 5 0 0  g  f o r  20  m i n u t e s  a t  
o
4 C. The s u p e r n a t a n t  w a s  d i s c a r d e d ,  and t h e  c e l l s  r e s u s p e n d e d  i n
h a l f  t h e  o r i g i n a l  c u l t u r e  v o lu m e  o f  an  i c e - c o l d ,  s t e r i l e  s o l u t i o n
o f  50mM CaCl2 and lOmM T r i s . C l  [pH 8 . 0 ] .  The c e l l  s u s p e n s i o n  w a s
p l a c e d  i n  a n  i c e - b a t h  f o r  15 m i n u t e s ,  b e f o r e  b e i n g  c e n t r i f u g e d  an d
r e s u s p e n d e d  i n  o f  t h e  o r i g i n a l  c u l t u r e  v o lu m e  o f  i c e - c o l d  50mM
C aC l2 and lOmM T r i s . C l  [pH 8 . 0 ] ,  0 . 2  ml a l i q u o t s  w e r e  d i s p e n s e d
o
i n t o  p r e -  c h i l l e d  t u b e s ,  and s t o r e d  a t  4 C f o r  1 8  h o u r s .
6 )  T r a n s f o r m a t i o n  o f  c o m p e te n t  AS46 c e l l s  ( a d a p t e d  fro m  M a n i a t i s  e t  
a l . ,  1 9 8 2 ) .  The l i g a t i o n  r e a c t i o n  m i x t u r e  w a s  d i l u t e d  1 0 - f o l d  w i t h
256
l i g a t i o n  b u f f e r ,  and 30 u l  a l i q u o t s  o f  t h i s  m i x t u r e  d i s p e n s e d  i n t o  
e a c h  t u b e  c o n t a i n i n g  0 . 2  ml o f  c o m p e te n t  AS46 c e l l s .  T h e se  w e r e  
s t o r e d  o n  i c e  f o r  30  m i n u t e s ,  b e f o r e  b e i n g  t r a n s f e r r e d  t o  a 4 2°C  
w a t e r - b a t h  f o r  2 m i n u t e s .  One ml o f  p re -w a rm ed  LB b r o t h  w a s  a d d ed  
t o  e a c h  t u b e ,  w h ic h  w e r e  t h e n  i n c u b a t e d  a t  37 °C  f o r  1 h o u r .  A f t e r  
t h i s  t i m e ,  w h ic h  a l l o w e d  f o r  e x p r e s s i o n  o f  p l a s m i d - e n c o d e d  
a m p i c i l l i n  r e s i s t a n c e ,  3 ml o f  LB b r o t h ,  s u p p le m e n t e d  w i t h  67 ^ ig /m l  
a m p i c i l l i n ,  w a s  a d d e d  t o  e a c h  t u b e  ( r e s u l t i n g  i n  a f i n a l  a m p i c i l l i n  
c o n c e n t r a t i o n  o f  50 ^ i g / m l ) .  The t u b e s  w e r e  i n c u b a t e d  a t  37 °C  f o r  a 
f u r t h e r  24 h o u r s .  E i g h t  o u t  o f  10 t u b e s  w e r e  t u r b i d ,  i n d i c a t i n g  
t h e  p r e s e n c e  o f  a m p i c i l l i n - r e s i s t a n t  E . c o l i . T h e r e  w a s  no  g r o w th  
i n  t h e  t u b e  c o n t a i n i n g  c o m p e t e n t  c e l l s  o n l y ,  i n d i c a t i n g  t h a t  t h e  
r e s i s t a n t  c e l l s  h a d  p r o b a b l y  n o t  a r i s e n  from  s e l e c t i o n  o f  a 
s p o n t a n e o u s  Ap m u t a n t .
7 )  S e l e c t i o n  and i s o l a t i o n . One ml o f  t h e  24 hour t r a n s f o r m a t i o n
m i x t u r e  w a s  c e n t r i f u g e d  and  r e s u s p e n d e d  i n  M9 s a l t s  s o l u t i o n  t o
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a p p r o x i m a t e l y  1 x  10 c e l l s  p e r  m l .  T en  ml o f  t h e  s u s p e n s i o n  w a s  
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e x p o s e d  t o  0 . 5  Jm o f  254  nm UV r a d i a t i o n  and 2 h o u r s  o f
b r o a d - b a n d  p h o t o r e a c t i v a t i n g  l i g h t .  T h i s  t r e a t e d  s u s p e n s i o n  w a s
d i l u t e d  i n t o  1 0 0  ml o f  p re -w a rm ed  n u t r i e n t  b r o t h  ( O x o i d ) ,
s u p p l e m e n t e d  w i t h  50 ^ag/m l a m p i c i l l i n  and 15 ^ ig /m l t e t r a c y c l i n e
o
HC1, and s h a k e n  a t  37 C f o r  24 h o u r s .  The UV r a d i a t i o n /
p h o t o r e a c t i v a t i o n  t r e a t m e n t s  w e r e  r e p e a t e d  t w i c e ,  a f t e r  w h ic h
a p p r o p r i a t e  d i l u t i o n s  w e r e  p l a t e d  o n t o  t h e  s u r f a c e  o f  a n t i b i o t i c -
s u p p l e m e n t e d ,  n u t r i e n t  a g a r  p l a t e s  ( O x o i d ) .  S i x t y  t h r e e  c o l o n i e s
w e r e  r e p l i c a t e d  o n t o  t h e  s u r f a c e  o f  t h r e e  s u p p le m e n t e d  n u t r i e n t
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a g a r  p l a t e s .  P l a t e  1 w a s  e x p o s e d  t o  45  Jm o f  254 nm UV 
r a d i a t i o n ,  P l a t e  2 w a s  U V - i r r a d i a t e d  and p h o t o r e a c t i v a t e d  f o r  2
257
h o u r s ,  and P l a t e  3 w a s  t h e  c o n t r o l .  Of t h e s e  c o l o n i e s ,  8 a p p e a r e d  
t o  h a v e  some p h o t o r e a c t i v a t i n g  en zym e a c t i v i t y .  One c l o n e ,  
num b ered  A S 4 6 /p A S 0 1 ,  w a s  c h o s e n  f o r  f u r t h e r  i n v e s t i g a t i o n .  T h i s  
p l a s m i d  w a s  e x t r a c t e d  frcm  A S46/pA S01  b y  t h e  ' m i n i - p r e p '  t e c h n i q u e ,  
and u s e d  t o  t r a n s f o r m  c o m p e te n t  c e l l s  o f  DY326 and A S 4 4 . In  
a d d i t i o n ,  s t r a i n s  A S 4 6 , DY326 and AS44 w e r e  t r a n s f o r m e d  w i t h  t h e  
h o s t  p l a s m i d ,  pBR3 2 2 .  T h e s e  t h r e e  s t r a i n s  w e r e  u s e d  a s  c o n t r o l s  i n  
t h e  _in v i v o  p h o t o r e a c t i v a t i o n  e x p e r i m e n t s  d e s c r i b e d  b e l c w .
A g a r o s e  g e l  e l e c t r o p h o r e s i s  o f  t h e  s u p e r c o i l e d  p l a s m i d ,  pASOl,  
i n d i c a t e d  a m o l e c u l a r  w e i g h t  o f  a p p r o x i m a t e l y  1 2 . 4 - k b p ,  s u g g e s t i n g  
t h a t  t h e  g e n e  w a s  p o s s i b l y  w i t h i n  a p a r t i a l  d i g e s t  o f  t h e  7 -  and
1 - k b p  n o v e l  S p h I  f r a g m e n t s .
4 . 1 0  P h o t o r e a c t i v a t i o n  o f  A S46/pA S01  and D Y 326/pA S01 i n  v i v o .
S t r a i n s  A S 4 6 /p A S 0 1 ,  A S 46 /p B R 3 2 2 , D Y 326/pA S01 and DY326/pBR322
o
w e r e  g rcw n  i n  t h e  d a r k  a t  37 C i n  t h e  u s u a l  m an n er .  T w enty  fo u r
h o u r  s e c o n d a r y  c u l t u r e s  w e r e  h a r v e s t e d  an d  r e s u s p e n d e d  i n  M9 s a l t s
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s o l u t i o n  t o  a p p r o x i m a t e l y  1 x  10 c o l o n y  f o r m i n g  u n i t s / m l .  The
c e l l  s u s p e n s i o n s  w e r e  e x p o s e d  t o  g r a d e d  f l u e n c e s  o f  254  nm UV
r a d i a t i o n ;  t h e  s u r v i v i n g  f r a c t i o n  b e i n g  r e d u c e d  t o  a p p r o x i m a t e l y  1 
- 4x  10 . The i n a c t i v a t i o n  p a r a m e t e r s  a r e  i n c l u d e d  i n  T a b l e  4 . 3 ,  and
t h e  d a t a  p e r t a i n i n g  t o  t h e s e  s u r v i v o r  c u r v e s  a r e  sh ew n  i n  T a b l e s
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A 4 . 4 9 - 5 4 .  C e l l  s u s p e n s i o n s  w h ic h  h a d  b e e n  r e d u c e d  t o  1 x  10 w e r e
h e l d  i n  t h e  d a r k  a t  2 5 °C  f o r  20 m i n u t e s ,  b e f o r e  b e i n g  e x p o s e d  t o
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c o n t i n u o u s  p h o t o r e a c t i v a t i n g  l i g h t  a t  a  f l u e n c e  r a t e  o f  1 7 . 6  Wm 
f o r  up t o  3 h o u r s .  The c e l l  s u r v i v a l  w a s  a s s a y e d  i n  t h e  u s u a l  
m anner o n  O x o id  n u t r i e n t  a g a r  p l a t e s .  The p h o t o r e a c t i v a t i o n  p l o t s
o
T a b l e  4 . 3 .  254  nm UV i n a c t i v a t i o n  p a r a m e t e r s  f o r  t r a n s f o r m e d  AS46 and DY326 a t  25  C
STRAIN/ E x p t .  SLOPE S t d .  ERROR INTERCEPT S t d .  ERROR ' ' n'
GROWTH TEMP. No. ( l o g  1 0 )  o f  SLOPE ( l o g  1 0 )  o f  INTERCEPT (Jm ~2)
A S46/pB R 322 4 9 a  - 8 . 4 7 1  0 . 2 0 9  0 . 2 1 1  0 . 0 7 1  1 9 . 5 0  1 . 6 2
37 C 49b  - 8 . 1 1 6  0 . 4 5 0  0 . 1 4 5  0 . 0 1 7  1 8 . 6 9  1 . 4 0
Mean - 8 . 2 9 4  0 . 2 5 1  0 . 1 7 8  0 .0 4 7  1 9 . 1 0  1 . 5 1
AS46/pBR3 22 5 0 a  - 8 . 6 2 6  0 .1 2 7  0 .1 8 6  0 . 0 4 2  1 9 . 8 6  1 . 5 3
26 C 50b - 8 . 5 8 3  0 . 1 0 4  0 . 2 1 9  0 . 0 3 4  1 9 . 7 1  1 . 6 6
Mean - 8 . 6 0 5  0 . 0 3 0  0 . 2 0 2  0 . 0 2 3  1 9 . 8 1  1 . 5 9
A S 46 /p A S 01  5 1 a  - 8 . 3 4 9  0 . 2 4 4  0 . 2 4 2  0 . 0 2 0  1 9 . 2 2  1 . 7 4
37 C 51b  - 8 . 4 3 0  0 . 3 9 2  0 .1 5 7  0 . 0 1 5  1 9 . 4 1  1 . 4 4
Mean - 8 . 3 9 0  0 .0 5 7  0 . 2 0 0  0 . 0 6 0  1 9 . 3 1  1 . 5 8
A S 46 /p A S 01  5 2 a  - 8 . 3 7 4  0 . 1 1 0  0 .1 4 7  0 . 0 4 2  1 9 . 2 8  1 . 4 0
26°C  52b - 8 . 0 3 4  0 . 3 1 0  0 . 1 8 4  0 . 1 1 7  1 8 . 5 0  1 . 5 3
Mean - 8 . 2 0 4  0 . 2 4 0  0 . 1 6 6  0 .0 2 6  1 8 . 8 9  1 . 4 6
DY326/pBR3 22 5 3 a  - 8 . 0 7 3  0 .1 0 7  0 . 0 5 0  0 . 0 3 6  1 8 . 5 9  1 . 1 2
3 7 °C  53b  - 7 . 9 4 9  0 . 1 6 1  0 .0 8 4  0 .0 4 7  1 8 . 3 0  1 . 2 1
Mean - 8 . 0 1 1  0 .0 8 7  0 .0 6 7  0 . 0 2 4  1 8 . 4 4  1 . 1 7
D Y 326/pA S01  5 4 a  - 8 . 0 5 4  0 . 1 2 4  0 . 1 2 0  0 . 0 4 2  1 8 . 5 4  1 . 3 2
3 7 °C  54b - 8 . 2 8 2  0 .3 0 7  0 . 1 4 2  0 . 0 6 8  1 9 . 0 7  1 . 3 9
Mean - 8 . 1 6 8  0 . 1 6 1  0 . 1 3 1  0 .0 1 6  1 8 . 8 0  1 . 3 9
f o r  A S 46 /p A S 01  and A S46/pB R 322  a r e  sh ew n  i n  F i g .  4 . 6 .  T h e s e  d a t a
h a v e  b e e n  a n a l y s e d  by t h e  ( 1 - P )  and ' l e t h a l  h i t '  m e th o d s ,  and a r e
sh ew n  i n  t h e s e  f o r m s  i n  F i g .  4 . 7 .  T he r a t e  c o n s t a n t s  from  t h e s e
a n a l y s e s ,  and t h o s e  a s s o c i a t e d  w i t h  D Y 326/pA S01  and DY326/pBR322
a r e  i n c l u d e d  i n  T a b l e s  4 . 4 - 5 .  I n  a d d i t i o n ,  t h e  UV i n a c t i v a t i o n  and
p h o t o r e a c t i v a t i o n  e x p e r i m e n t s  w e r e  r e p e a t e d  w i t h  A S46/pA S01  and
o
A S 46 /p B R 322 a f t e r  g r o w th  a t  26 C. The s u r v i v a l  p a r a m e t e r s  a r e
i n c l u d e d  i n  T a b l e  4 . 3 ,  and t h e  p h o t o r e a c t i v a t i o n  r a t e  p a r a m e t e r s
a r e  i n c l u d e d  i n  T a b l e s  4 . 4 - 5 .  The d a t a  p e r t a i n i n g  t o  t h e s e
e x p e r i m e n t s  a r e  i n c l u d e d  i n  T a b l e s  A 4 . 5 5 - 6 0 ,  r e s p e c t i v e l y .
T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  e i t h e r  t h e  i n t e r c e p t  o r
i n a c t i v a t i o n  c o n s t a n t s  b e t w e e n  t h e  p a i r s  o f  s t r a i n s  t r a n s f o r m e d
w i t h  pBR3 22 and pA SO l, r e s p e c t i v e l y  ( T a b l e  4 . 3 ) .  An a n a l y s i s  o f
c o v a r i a n c e  o f  t h e  s l o p e  and i n t e r c e p t  v a l u e s  f o r  AS46/pBR3 22 and
A S 4 6 /p A S 0 1  g a v e  v a l u e s  f o r  t h e  c h a n g e  i n  F - r a t i o  o f  3 . 9 1 1  w i t h  1
and 27 d e g r e e s  o f  f r e e d o m ,  and 3 . 4 6  8 ( 1 , 2 6  d . f . ) f o r  t h e  s l o p e  and
i n t e r c e p t ,  r e s p e c t i v e l y .  The c r i t i c a l  v a l u e s  a r e  4 . 2 1  and 4 . 2 3 ,
r e s p e c t i v e l y ,  a t  t h e  5 p e r  c e n t  c o n f i d e n c e  i n t e r v a l .  T h e r e f o r e ,  i t
may b e  c o n c l u d e d  t h a t  t h e  p r e s e n c e  o f  p l a s m i d  pASOl d i d  n o t  r e s u l t
i n  a s i g n i f i c a n t  v a r i a t i o n  i n  t h e  s e n s i t i v i t y  o f  e i t h e r  AS46 o r
DY326 a f t e r  254  nm UV i n a c t i v a t i o n .  I t  w i l l  b e  s e e n  from  F i g .  4 . 6
t h a t  t r a n s f o r m a t i o n  o f  AS46 w i t h  p l a s m i d  pBR3 22 d i d  n o t  r e s u l t  i n
an y  p h o t o r e a c t i v a t i o n  o f  254 nm U V - in d u c e d  damage a f t e r  g r o w th  a t  
o
37 C. H cw ev er ,  t r a n s f o r m a t i o n  w i t h  p l a s m i d  pASOl r e s u l t e d  i n  a
m ark ed  p h o t o r e a c t i v a b l e  r e s p o n s e ,  h a v i n g  a v a l u e  o f  a p p r o x i m a t e l y  2
- 5  - 1  - 2x  10 s  f o r  t h e  r a t e  c o n s t a n t  k^ ( T a b l e  4 . 4 ) ,  and 1 . 3  x  10
m in  1 f o r  t h e  r e p a i r  p r o b a b i l i t y  a 2 , d e t e r m i n e d  by ' l e t h a l  h i t '
a n a l y s i s .  T h i s  i n d i c a t e d  t h a t  a g e n e  p r e s e n t  o n  p l a s m i d  pASOl
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Fig.4.6. PHOTOREACTIVATION TIME (min)
Photoreactivation at 25°C of 254 nm inactivated AS46/pBR322
(A,Adark control) and AS46/pAS01 (0,#dark control) at a
-2
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Fig. 4.7. 1-P analysis (Panel A) and 'lethal hit' analysis
(Panel B) of the photoreactivation rate at 25°C of 254 nm
inactivated AS46/pAS01.
T a b l e  4 . 4 .  P h o t o r e a c t i v a t i o n  r a t e  c o n s t a n t s  a n d  e s t i m a t e s  o f
t h e  number o f  p h o t o r e a c t l v a t i n g  e n z y m e - s u b s t r a t e
o
c o m p l e x e s  a f t e r  254  nm UV i n a c t i v a t i o n  a t  25  C.
S t r a i n /  
G row th  Temp.
E x p t .
No.
R a te  C o n s t a n t  
( x l 0 ~ 5 ) ( s ” 1 )
Number o f  
M o l e c u l e s
AS46/pBR3 22 5 5 a “ 0* "0*
37°C 55b “ 0* "0*
AS46/pBR3 22 56 a 3 . 9 6 2 . 2
2 6 °C 56b 3 . 4 2 1 . 9
A S 46 /p A S 01 57 a 2 . 0 3 1 . 1 3
3 7 °C 57 b 1 . 9 5 1 . 0 8
A S 46 /p A S 01 5 8 a 6 . 1 0 3 . 3 9
2 6 °C 58b 6 . 0 2 3 . 3 8
DY326/pBR3 22 5 9 a 3 . 6 2 2 . 0 1
3 7 °C 59b 3 . 1 4 1 . 7 4
D Y 326/pA S01 6 0 a 1 . 8 8 1 . 0 4
3 7 °C 60b 1 . 9 2 1 .0 7
* -  n o t  m e a s u r a b l e .
T a b l e  4 . 5  R e p a i r  p r o b a b i l i t y  a  d e r i v e d  f r o m  ' l e t h a l  h i t '
a n a l y s i s  o f  p h o t o r e a c t i v a t i o n  o f  254 nm U V - in d u c e d  
o
dam age a t  25  C.
S t r a i n / G r o w t h  Temp. E x p t . 
No.
R e p a i r  P r o b a b i l i t y  
(x lO  2 ) (m in  1 )
AS46/pBR3 2 2 / 3 7 ° C 5 5 a “ 0*
55b ~0*
AS46/pBR3 2 2 /  26°C 56 a 2 . 1
56b 2 .3
A S 4 6 /p A S 0 1 /3 7 ° C 57 a 1 . 5
57b 1 . 1
A S 4 6 /p A S 0 1 /2 6 ° C 5 8 a 4 . 0
58b 3 . 8
DY326/pBR3 2 2 / 3 7 ° C 5 9 a 1 . 9
59b 1 . 9
D Y 326 /p A S O 1/37°C 6 0 a 1 . 5
6 0b 1 . 8
* -  n o t  m e a s u r a b l e .
way s t i m u l a t e d  t h e  c e l l u l a r  p h o t o l y a s e  a c t i v i t y  o f  A S 46 ,
p e r h a p s  by c o m p l e t i n g  a n  i n t e r r u p t e d  b i o c h e m i c a l  p a th w a y .  To
t e s t  t h i s  h y p o t h e s i s ,  DY326/pBR3 22 and DY 326/pA S01 w e r e
U V - i n a c t i v a t e d  an d  p h o t o r e a c t i v a t e d .  The p r e s e n c e  o f  pASOl
d i d  n o t  i n c r e a s e  t h e  p h o t o r e a c t i v a b l e  r e s p o n s e  b e y o n d  t h a t
m e a s u r e d  w i t h  D Y 326/pB R 322; i n d e e d ,  t h e  r a t e  c o n s t a n t  k ^ ,  and
r e p a i r  p r o b a b i l i t y  v a l u e s  w e r e  s l i g h t l y  d e c r e a s e d  ( T a b l e s
4 . 4 - 5 ) .  T h e s e  d a t a  s t r o n g l y  s u g g e s t e d  t h a t  t h e  g e n e  p resu m ed
t o  be p r e s e n t  o n  pASOl d i d  n o t  c o d e  f o r  a p r o t e i n  w i t h
p h o t o l y a s e  a c t i v i t y ,  s i n c e  w e w o u ld  e x p e c t  t o  s e e  a s i m i l a r
i n c r e a s e  i n  t h e  p h o t o r e a c t i v a b l e  r e s p o n s e  o f  b o t h  AS46 and
D Y 326. H ow ever ,  we c a n n o t  r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  t h e
g e n e  i s  t h e  s u b j e c t  o f  f e e d b a c k  c o n t r o l ,  and s o  n o t  e x p r e s s e d
i n  DY326. T h e s e  d a t a  do i n d i c a t e  t h a t  t h e  p l a s m i d  may
c o m p le m e n t  a c e l l u l a r  d e f e c t  i n  p h o t o l y a s e  a c t i v i t y  o f  A S46,
w h ic h  r e s u l t s  i n  t h e  c e l l  h a v i n g  a s i m i l a r  p h o t o -
r e a c t i v a b i l i t y  t o  DY326. T h u s ,  a g e n e  p r e s e n t  o n  pASOl may
c o d e  f o r  t h e  ' e f f e c t o r *  m o l e c u l e  p o s t u l a t e d  i n  P a r t  I I I  t o
i n c r e a s e  t h e  a c t i v i t y  o f  t h e  phrB g e n e  p r o d u c t .  T h e r e f o r e ,
w e h a v e  p a r t i a l l y  r e v e r s e d  t h e  d e f e c t  i n  p h o t o l y a s e  a c t i v i t y
o f  AS46 by c l o n i n g  r e s t r i c t i o n  f r a g m e n t s  from  t h e  g a l - a t t l
r e g i o n ,  and s o  i t  s e e m s  l i k e l y  t h a t  t h e  p r o p o s e d  phrA  g e n e
p r o d u c t  d o e s  h a v e  a n  e f f e c t  o n  c e l l u l a r  p h o t o l y a s e  a c t i v i t y .
To fu rth er  t e s t  t h i s  h y p o t h e s i s ,  t h e  p h o t o r  e a c t i v  a b l e  retfpbnses
o f  A S46/pB R 322 and A S 46 /p A S 01  w e r e  m e a su r e d  a f t e r  g r o w th  a t  
o
26 C. T r a n s f o r m a t i o n  w i t h  p l a s m i d  pASOl r e s u l t e d  i n  a 64  p e r  
c e n t  i n c r e a s e  i n  t h e  r a t e  c o n s t a n t  k^ ( T a b l e  4 . 4 )  and  a 77  
p e r  c e n t  i n c r e a s e  i n  t h e  r e p a i r  p r o b a b i l i t y  a ( T a b l e  4 . 5 ) ,  
co m p a red  w i t h  AS46/pBR3 2 2 .  U n f o r t u n a t e l y ,  i t  w a s  n o t
p o s s i b l e  t o  make q u a n t i t a t i v e  c o m p a r i s o n s  b e t w e e n  t h e s e  d a t a  
and t h o s e  p r e s e n t e d  i n  P a r t  I I I ,  b e c a u s e  t h e  A n s c o m a t i c /  
S y l v a n i a  FFX l i g h t  s o u r c e  and  h o u s i n g  h ad  t o  be  r e p l a c e d  w i t h  
a L e i t z  P r a d o v i t  p r o j e c t o r  f i t t e d  w i t h  a 250W q u a r t z - i o d i n e  
la m p . H cw e v e r ,  i t  s h o u l d  be  n o t e d  t h a t  t h e  b i p h a s i c  r e p a i r  
k i n e t i c s  b a s e d  o n  t h e  ' l e t h a l  h i t '  a n a l y s i s  o f  t h e  p h o t o ­
r e p a i r  o f  DY326 a f t e r  g r c w th  a t  26°C  ( S e c t i o n  3 . 6 . 2  P a r t  I I I )  
w e r e  n o t  o b s e r v e d  w i t h  A S 46/p A S 01  g r c w n  u n d er  s i m i l a r  
c o n d i t i o n s .
4 . 1 1  P h o t o r e a c t i v a t i o n  o f  A S 44/p A S 01  and AS44/PBR3 22 i n  v i v o
H a v in g  e s t a b l i s h e d  t h a t  a g e n e  p resu m ed  t o  be  p r e s e n t  o n  
pASOl c a u s e d  a p h o t o r e a c t i v a b l e  r e s p o n s e  i n  AS46 t o  a l e v e l  
s i m i l a r  t o  t h a t  o f  DY326 a f t e r  254 nm UV i n a c t i v a t i o n ,  b u t  
d o e s  n o t  a f f e c t  t h e  r e s p o n s e  o f  t h e  l a t t e r ,  i t  w a s  o f  
i n t e r e s t  t o  d e t e r m i n e  i f  t h e  p l a s m i d  w o u ld  h a v e  any e f f e c t  i n
t h e  phrB+ A (g a l - c h l A ) recA 5 6  b a c k g r o u n d  o f  A S44 .
F l a s h  P h o t o l y s i s
T w en ty  f o u r  hour s e c o n d a r y  c u l t u r e s  o f  A S44/pB R 322  and  
A S 44/p A S 01  w e r e  h a r v e s t e d  and  r e s u s p e n d e d  i n  M9 s a l t s  
s o l u t i o n  i n  t h e  u s u a l  m an n er .  The c e l l  s u s p e n s i o n s  w e r e
g i v e n  g r a d e d  f l u e n c e s  o f  254  nm UV r a d i a t i o n  and  a s s a y e d  f o r
c e l l  s u r v i v a l  and f l a s h  p h o t o r e a c t i v a t i o n ,  a s  d e s c r i b e d  i n  
S e c t i o n  3 . 2 ,  P a r t  I I I .  The s u r v i v a l  c u r v e s  a r e  sh ew n  i n  
F i g s .  4 . 8  t o  4 . 9 .  The 254  nm UV i n a c t i v a t i o n  and  f l a s h  p h o t o ­
r e a c t i v a t i o n  c u r v e s  w e r e  a n a l y s e d  by l e a s t  s q u a r e s  l i n e a r
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Fig. 4.8. Replicate survival curves for AS44/pBR322 grown at
37°C after 254 nm inactivation (closed symbols) and a single
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Fig. 4.9. Replicate survival curves for AS44/pAS01 grown at 
37°C after 254 nm inactivation (closed symbols) and a single 
light flash (open symbols) at 25°C. The dashed line represents 
the flash response of AS44/pBR322.
r e s p e c t i v e l y .  The s u r v i v a l  p a r a m e t e r s  a r e  i n c l u d e d  i n  T a b l e
4 . 6 ,  and t h e  d a t a  p e r t a i n i n g  t o  them  a r e  i n c l u d e d  i n  T a b l e s
A 4 . 6 1 - 6 2 .  The s u r v i v a l  p a r a m e t e r s  a f t e r  254 ran UV
i n a c t i v a t i o n  w e r e  com p ared  by an a n a l y s i s  o f  c o v a r i a n c e .  The
c h a n g e  i n  F - r a t i o  w a s  fo u n d  t o  be 2 . 2 4 4  ( 1 , 2 7  d . f . )  and  0 . 0 1 1
( 1 , 2 6  d . f . )  f o r  t h e  i n t e r c e p t  and s l o p e  l o c a t i o n ,
r e s p e c t i v e l y .  The c r i t i c a l  v a l u e s  a t  t h e  5 p e r  c e n t
c o n f i d e n c e  i n t e r v a l  a r e  4 . 2 1  and 4 . 2 3 ,  r e s p e c t i v e l y ,
i n d i c a t i n g  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  s t r a i n s .
H o w ev er ,  when c o m p a r in g  t h e  l i n e a r  p o r t i o n  o f  t h e  f l a s h
p h o t o r e a c t i v a t i o n  s u r v i v a l  c u r v e s ,  by an a n a l y s i s  o f
c o v a r i a n c e ,  t h e  c h a n g e  i n  F - r a t i o  w a s  4 6 . 7 2 2  ( 1 , 2 3  d . f . )  and
6 5 . 5 6 5  ( 1 , 2 2  d . f . )  f o r  t h e  i n t e r c e p t  an d  s l o p e  l o c a t i o n ,
r e s p e c t i v e l y .  T h e s e  v a l u e s  w e r e  h i g h l y  s i g n i f i c a n t ,  e v e n  a t
t h e  0 . 5  p e r  c e n t  c o n f i d e n c e  i n t e r v a l ,  w h e r e  t h e  c r i t i c a l
v a l u e s  a r e  9 . 6 3  and 9 . 7 3 ,  r e s p e c t i v e l y .  T h e r e f o r e ,  i t  may
b e  c o n c l u d e d  t h a t  t h e  p r e s e n c e  o f  p l a s m i d  pASOl r e s u l t e d  i n  a
s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  i n  t h e  f l u e n e e  d e c r e m e n t
c a u s e d  by a s i n g l e  f l a s h  o f  p h o t o r e a c t i v a t i n g  l i g h t .  The
m ean v a l u e s  f o r  t h e  f l u e n e e  d e c r e m e n t  f o r  A S44/pBR 322 and
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A S 4 4 /p A S 0 1  w e r e  0 . 0  88 and 0 . 1 4 1  Jm , r e s p e c t i v e l y .  T h e se
f l u e n e e  d e c r e m e n t s  r e s u l t e d  i n  v a l u e s  o f  4 . 6 6  and 7 . 4 7  f o r
t h e  e s t i m a t e s  o f  t h e  a v e r a g e  number o f  P R E - s u b s t r a t e
c o m p l e x e s  p e r  c e l l .  T h u s ,  t h e  p r e s e n c e  o f  pASOl r e s u l t e d  i n
a 1 . 6 - f o l d  i n c r e a s e  i n  t h e  number o f  P R E - s u b s t r a t e  c o m p le x e s
p e r  c e l l .  I t  s h o u l d  be  n o t e d  t h a t  t h e  f l a s h  r e s p o n s e  o f
AS44/pBR3 22  w a s  c o n s i s t e n t l y  l e w e r  t h a n  t h a t  m e a s u r e d  f o r
A S 4 4 , f o r  w h ic h  t h e r e  w a s  n o  a v a i l a b l e  e x p l a n a t i o n  (c o m p a r e
- 2
f l u e n e e  d e c r e m e n t s  o f  0 . 0  88  and 0 . 1 4 3  Jm , r e s p e c t i v e l y ) .
oT a b l e  4 . 6 .  254 nm UV i n a c t i v a t i o n  p a r a m e t e r s  f o r  t r a n s f o r m e d  AS44 a t  25  C
STRAIN/
TREATMENT
E x p t . 
No.
SLOPE 
( l o g  10 )
S t d .  E r r o r  
o f  SLOPE
INTERCEPT 
( l o g  10 )
S t d .  E r r o r  
Of INTERCEPT
' k '
- 2  - 1
(Jm )
' n 1
AS44/pBR3 22 6 1 a - 8 . 5 3 3 0 .2 1 3 0 . 1 0 2 0 . 0 7 1 1 9 . 6 5 1 . 2 6
254 nm 61b - 8 . 9 5 0 0 . 2 6 8 0 . 2 7  2 0 .0 9 0 2 0 . 6 1 1 .8 7
6 1 c - 8 . 4 9 8 0 . 3 2 2 0 . 2 4 2 0 . 0 9 8 1 9 . 5 7 1 . 7 5
Mean - 8 . 7 0 6 0 .1 4 1 0 . 2 1 8 0 . 0 4 7 2 0 . 0 4 1 . 6 5
F l a s h 6 1 a - 7 . 4 3 8 0 . 2 5 1 0 . 4 4 9 0 . 0 9 1 1 7 . 1 3 2 . 8 1
61b - 7 . 8 0 9 0 . 4 3 0 0 . 5 4 5 0 .1 5 6 1 7 . 9 8 3 . 5 1
6 1 c - 7 . 3 0 6 0 .2 1 6 0 . 5 2 5 0 . 0 7 0 1 6 . 8 2 3 . 3 5
Mean - 7 . 6 3 4 0 . 2 4 2 0 .5 4 3 0 .0 8 5 1 7 . 5 8 3 . 4 9
A S 44/p A S 01 6 2 a - 8 . 7 5 2 0 . 1 6 9 0 . 2 5 8 0 .0 5 7 2 0 . 1 5 1 . 8 1
254 nm 6 2b - 8 . 6 6 4 0 . 0 8 2 0 . 3 0 8 0 . 0 3 1 9 . 9 5 2 . 0 3
Mean - 8 . 7 0 8 0 . 0 6 2 0 . 2 8 3 0 . 0 3 5 2 0 . 0 5 1 . 9 2
F l a s h 6 2 a - 6 . 8 5  8 0 . 1 9 8 0 . 5 4 2 0 . 0 7 2 1 5 . 7 9 3 . 4 8
6 2b - 6 . 7  80 0 .3 4 3 0 .4 7 0 0 . 1 3 3 1 5 . 6 1 2 . 9 5
Mean - 6 . 8 4 4 0 . 1 8 8 0 . 5 1 5 0 . 0 7 1 1 5 . 7 5 3 . 2 7
The p r e s e n c e  o f  t h e  p l a s m i d  may d i v e r t  t h e  p r o t e i n  s y n t h e t i c  
m a c h in e r y  away from  c e l l u l a r  p r o t e i n  s y n t h e s i s ,  b u t  t h e r e  d i d  
n o t  seem t o  b e  any  e v i d e n c e  o f  s p e c i f i c  i n h i b i t i o n  o f  
p h o t o l y a s e  a c t i v i t y .  H ow ever ,  t h e  r e l a t i v e  i n c r e a s e  i n  
' f l a s h - f l u e n c e  d e c r e m e n t '  o f  A S44/pA S01  co m p a red  w i t h  
AS44/pBR3 22 a p p r o a c h e d  t h e  2 - f o l d  d i f f e r e n c e  i n  f l a s h  
r e s p o n s e  b e t w e e n  AB2480 and A S 4 4 , n o t e d  i n  S e c t i o n  3 . 2 ,  P a r t  
I I I .
C o n t in u o u s  p h o t o r e a c t i v a t i o n .
Tw enty  f o u r  hour s e c o n d a r y  c u l t u r e s  o f  AS44/pBR3 22 and
A S 44 /p A S 01  w e r e  h a r v e s t e d  i n  t h e  u s u a l  m an n er , and r e d u c e d  t o
- 4a p p r o x i m a t e l y  1 x  10 s u r v i v i n g  f r a c t i o n  w i t h  an a p p r o p r i a t e  
f l u e n e e  o f  254 nm UV r a d i a t i o n .  A f t e r  a  h o l d i n g  p e r i o d  a t  
25 °C  i n  t h e  d ark  f o r  20 m i n u t e s ,  t h e  c e l l s  s u s p e n s i o n s  w e r e  
e x p o s e d  t o  c o n t i n u o u s  p h o t o r e a c t i v a t i n g  l i g h t .  A s i n g l e  
h i g h - i n t e n s i t y  l i g h t  f l a s h  w a s  g i v e n  a t  t h e  commencement o f  
e a c h  p h o t o r e a c t i v a t i n g  l i g h t  t r e a t m e n t ,  a s  d e s c r i b e d  i n  
S e c t i o n  3 . 3 ,  P a r t  I I I .  The p h o t o r e a c t i v a t i o n  p l o t s  from  on e  
o f  tw o  r e p l i c a t e  e x p e r i m e n t s  a r e  shewn i n  F i g .  4 . 1 0 .  T h e se  
d a t a  h a v e  b e e n  a n a l y s e d  by t h e  ( 1 - P )  and ' l e t h a l  h i t '  
m e t h o d s ,  and a r e  sh ew n  i n  t h e s e  fo r m s  i n  F i g s .  4 . 1 1 - 1 2 .  The  
p h o t o r e a c t i v a t i o n  r a t e  p a r a m e t e r s  d e r i v e d  fr c m  l e a s t  s q u a r e s  
l i n e a r  r e g r e s s i o n  a n a l y s i s  o f  t h e  l i n e a r  p o r t i o n  o f  e a c h  
c u r v e  ( t h e  t i m e  r e q u i r e d  t o  r e d u c e  t h e  f r a c t i o n  o f  
p h o t o r e a c t i v a b l e  l e s i o n s  t o  0 . 4  f o r  t h e  ( 1 - P )  a n a l y s i s ) ,  a r e  
i n c l u d e d  i n  T a b l e s  4 . 7 - 8 .  The d a t a  p e r t a i n i n g  t o  t h e s e  
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Fig. 4.10. Photoreactivation at 25 C of 254 nm inactivated
AS44/pBR322 (O) and AS44/pAS01 (A) at a photoreactivating
-2









2 4 6 8 10 12
PHOTOREACTIVATION TIME (min)
Fig. 4.11. 1-P analysis of the rate of photoreactivation at
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Fig. 4.12. Lethal hit analysis of the rate of photoreactivation at 25°C (closed symbols) 
of AS44/pAS01 (Panel A) and AS44/pBR322 (Panel B) and after subtraction of the slow 
component (open symbols).
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T a b l e  4 . 7 .  P h o t o r e a c t i v a t i o n  r a t e  c o n s t a n t s  a n d  e s t i m a t e s  o f
t h e number o f  p h o t o r e a c t i v a t i n g  e n z y m e - s u b s t r a t e
c o m p l e x e s  a f t e r  254  nm UV i n a c t i v a t i o n  a t  2 5 °C .
S t r a i n E x p t . R a te  c o n s t a n t Number o f  PRE
No. ( x l 0 ~ 3 ) ( s ' 1 ) M o l e c u l e s
AS44/pBR3 22 6 3 a 3 . 6 8 2 . 0 4
63 b 3 . 0 8 1 . 7 1
AS44/pASO1 6 4 a 7 . 3 7 4 . 0 9
64b 7 . 0 2 3 . 9 0
T a b l e  4 . 8 .  The r e p a i r  p r o b a b i l i t i e s  d e r i v e d  from  ' l e t h a l
h i t ' a n a l y s i s  o f  p h o t o r e a c t i v a t i o n  o f  254 nm
UV- in d u c e d  damaqe a t  2 5 °C .
S t r a i n E x p t . a l a 2
No. (m in (m in
AS44/pBR3 22 6 3 a - 0 . 2 6 7 - 0 . 0 4 7
63b - 0 . 1 9 8 - 0 . 0 5 2
A S 44/p A S 01 6 4 a - 1 . 1 8 5 - 0 . 1 3 3
64b - 1 . 1 4 0 - 0 . 1 1 2
T r a n s f o r m a t i o n  o f  AS44 w i t h  p l a s m i d  pASOl r e s u l t e d  i n  a
2 - f o l d  i n c r e a s e  i n  t h e  p h o t o r e a c t i v a t i o n  r a t e  c o n s t a n t  k^ 
c o m p a r e d  w i t h  AS44/pBR3 2 2 .  C om paring  t h e  r e p a i r  
p r o b a b i l i t i e s  and o^ , t h e  p r e s e n c e  o f  pASOl i n c r e a s e d  
e a c h  by 5 -  and 2 - f o l d ,  r e s p e c t i v e l y .  A l t h o u g h  q u a n t i t a t i v e  
c o m p a r i s o n s  w i t h  t h e  d a t a  f o r  AS44 and AB2480 p r e s e n t e d  i n  
P a r t  I I I  w e r e  n o t  s t r i c t l y  p e r m i s s i b l e  b e c a u s e  o f  t h e  
d i f f e r e n t  p h o t o r e a c t i v a t i n g  l i g h t  s y s t e m s ,  i t  s h o u l d  be n o t e d  
t h a t  t h e  r e p a i r  p r o b a b i l i t i e s ,  and a.^, w e r e  1 . 7 -  and
2 . 5 - f o l d  g r e a t e r  i n  AB2480 co m p a red  w i t h  A S44 . T h e r e f o r e ,  i t  
may b e  c o n c l u d e d  t h a t  pASOl i n c r e a s e d  t h e  p h o t o r e a c t i v a b l e  
r e s p o n s e  o f  AS44 t o  a l e v e l  c o m p a r a b le  w i t h  A B2480, by a 
d i s p r o p o r t i o n a t e  i n c r e a s e  i n  t h e  tw o  r e p a i r  p r o b a b i l i t i e s .
As w i t h  t h e  w ork  d e s c r i b e d  u s i n g  A S 4 6 , i t  h a s  b e e n  shew n  
t h a t  t r a n s f o r m a t i o n  o f  AS44 w i t h  a p l a s m i d  c o n t a i n i n g  
r e c o m b in a n t  DNA from  t h e  q a l - a t t A  r e g i o n  p a r t i a l l y  
c o m p le m e n ts  t h e  p h o t o r e a c t i v a t i o n  d e f e c t  a t t r i b u t e d  t o  t h e  
A (q a l - a t t A ) d e l e t i o n .
I n  summary, t h e  d a t a  p r e s e n t e d  i n  t h i s  s e c t i o n  
d e m o n s t r a t e d  t h e  c o n s t r u c t i o n  o f  a Lambda s p e c i a l i s e d  
t r a n s d u c i n g  'p h a g e  c a r r y i n g  t h e  g a l a c t o s e  o p e r o n ,  and i t s  u s e  
i n  c l o n i n g  e x p e r i m e n t s  t o  i s o l a t e  a p l a s m i d  c a r r y i n g  t h e  
p r o p o s e d  phrA g e n e .  The s p e c i a l i s e d  AdqalA t r a n s d u c i n g  
'p h a g e  e x h i b i t e d  g a l a c t o s e  t r a n s d u c i n g  a c t i v i t y  i n  v i v o , and  
t h e  i s o l a t e d  DNA h a d  t h r e e  n o v e l  S p h I  r e s t r i c t i o n  f r a g m e n t s .  
A f t e r  t h r e e  c y c l e s  o f  UV i n a c t i v a t i o n ,  p h o t o r e a c t i v a t i o n ,  and  
r e p l i c a  p l a t i n g ,  a c l o n e  num bered A S46/pA S01  w a s  i s o l a t e d .
The p l a s m i d  had  a n  a p p r o x im a t e  m o l e c u l a r  w e i g h t  o f  1 2 . 4 - k b p ,  
s u g g e s t i n g  t h a t  t h e  c l o n e d  g e n e  w a s  p o s s i b l y  w i t h i n  a p a r t i a l
d i g e s t  o f  t h e  7 -  and 1 -k b p  n o v e l  r e s t r i c t i o n  f r a g m e n t s .
S t r a i n  A S 46 /p A S 01  e x h i b i t e d  a p h o t o r e a c t i v a b l e  r e s p o n s e  a f t e r  
254  nm UV i n a c t i v a t i o n ,  w h ic h  w a s  n o t  o b s e r v e d  w i t h  
A S 4 6 /p B R 3 2 2 .  H cw ever ,  t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  t h e  p h o t o r e a c t i v a b l e  r e s p o n s e s  o f  e i t h e r  DY 326/pA S01  
o r  DY326/pBR3 2 2 ,  s u g g e s t i n g  t h a t  t h e  p l a s m i d  d o e s  n o t  c o d e  
f o r  a  p h o t o l y a s e  p r o t e i n ,  b u t  f u n c t i o n s  t o  i n c r e a s e  t h e  
a c t i v i t y  o f  t h e  phrB g e n e  p r o d u c t  ( o r  p a r t i a l l y  a c t i v e  
p h r B /unkncw n g e n e  p r o d u c t  i n  D Y 3 2 6 ) .  S t r a i n  A S 44 /p A S 01  
e x h i b i t e d  a n  i n c r e a s e  i n  b o t h  t h e  s i n g l e  f l a s h  r e s p o n s e  and  
r a t e  o f  p h o t o r e a c t i v a t i o n  com p ared  w i t h  A S 4 4 /p B R 3 2 2 ,  o n c e  
a g a i n  i n d i c a t i n g  t h a t  a g e n e  c l o n e d  from  t h e  g a l - a t t ' X  r e g i o n  
w a s  c a p a b l e  o f  i n c r e a s i n g  t h e  p h o t o r e a c t i v a b l e  r e s p o n s e  o f  a  A 
( g a l - c h l A ) s t r a i n .  T h e s e  d a t a  may be t a k e n  a s  f u r t h e r  
e v i d e n c e  f o r  t h e  p r e s e n c e  o f  a l o c u s  w i t h i n  t h e  g a l - a t t A  
r e g i o n  w h ic h  m a r k e d ly  i n f l u e n c e s  t h e  p h o t o r e a c t i v a b l e  
r e s p o n s e  o f  254  nm U V - i n a c t i v a t e d  13. c o l l  K - 1 2 .  I t  d o e s ,  
h c w e v e r ,  seem u n l i k e l y  t h a t  t h e  g e n e  p r o d u c t  h a s  an y  m arked  
p h o t o l y a s e  a c t i v i t y ?  r a t h e r  i t  f u n c t i o n s  t o  e i t h e r  i n c r e a s e  
t h e  p o o l  o f  a c t i v e  p h o t o l y a s e  m o l e c u l e s ,  or  t o  i n c r e a s e  t h e  
a f f i n i t y  o f  t h e  p h o t o l y a s e  m o l e c u l e  f o r  i t s  s u b s t r a t e ,  
p e r h a p s  by c o m p l e t i n g  a n  i n t e r r u p t e d  b i o c h e m i c a l  p a th w a y .  I t  
i s  n o t  r e a d i l y  a p p a r e n t  why t h e  p h o t o r e a c t i v a b l e  r e s p o n s e s  o f  
s t r a i n s  t r a n s f o r m e d  w i t h  pASOl d i d  n o t  r e a c h  t h o s e  o f  phrA+ 
s t r a i n s .  H cw ev er ,  i t  s h o u l d  be n o t e d  t h a t  t h e  phrA+ s t r a i n s  
w e r e  n o t  i s o g e n i c ,  and s o  q u a n t i t a t i v e  c o m p a r i s o n s  w e r e  n o t  
s t r i c t l y  p e r m i s s i b l e .  U n t i l  pASOl h a s  b e e n  f u r t h e r  a n a l y z e d ,  
any r e a s o n s  m u st  r e m a in  s p e c u l a t i v e .
T h e s e  d a t a  s u g g e s t  a  number o f  a d d i t i o n a l  e x p e r i m e n t s ,
w h ic h  a r e  l i s t e d  b e l c w : -
1 ) .  R e s t r i c t i o n  e n d o n u c l e a s e  m a p p in g  and  i s o l a t i o n  o f  t h e  g e n e  on  
t h e  p l a s m i d  by t r a n s p o s o n  i n s e r t i o n a l  i n a c t i v a t i o n .
2 ) .  S e q u e n c e  a n a l y s i s  o f  pASOl t o  i d e n t i f y  t h e  o p e n  r e a d i n g  f r a m e  
and p r e s e n c e  o f  t h e  p r o m o t e r  ( i f  p r e s e n t  i n  t h e  r e s t r i c t i o n  
f r a g m e n t ) ,  and c o m p a r i s o n  o f  t h e  d e g r e e  o f  h cm o lo g y  w i t h  t h e  
phrB g e n e ,  and t h e  c o n s e n s u s  s e q u e n c e  f o r  t h e  E.  c o l i  
p r o m o t e r .
3 ) .  I d e n t i f i c a t i o n  o f  t h e  p l a s m i d - c o d e d  p r o t e i n s ,  and m o l e c u l a r  
w e i g h t  a n a l y s i s  o n  S D S - p o l y a e r y l a m i d e  g e l s .
4 ) .  S u b c lo n e  t h e  g e n e  i n t o  a n  i n d u c i b l e ,  h i g h - e x p r e s s i o n  v e c t o r .  
D e t e r m in e  i f  t h e  g e n e  p r o d u c t  h a s  i n h e r e n t  p h o t o l y a s e  
a c t i v i t y ,  o r  i f  i t  i n c r e a s e s  t h e  a c t i v i t y  o f  t h e  phrB g e n e  
p r o d u c t  _in v i t r o .
5 ) .  I s o l a t i o n  o f  a t r a n s p o s o n  i n s e r t i o n  i n  t h e  c l o n e d  phrA  g e n e ,  
and i t s  u s e  t o  c o n s t r u c t  a n  i s o g e n i c  s e r i e s  o f  s t r a i n s  h a v i n g  
p o i n t  m u t a t i o n s  i n  phrA  a n d / o r  p h rB .
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T he w ork  r e p o r t e d  i n  t h i s  t h e s i s  i s  c e n t r e d  o n  t h e  d e b a t e  o f  
w h e t h e r  t h e r e  a r e  m u l t i p l e  p h o t o l y a s e  m o l e c u l e s  p r e s e n t  i n  JB. c o l i  
K - 1 2 .  As d i s c u s s e d  p r e v i o u s l y ,  tw o  l o c i ,  phrA and p h r B , h a v e  b e e n  
p r o p o s e d  f o r  t h e  g e n e t i c  c o n t r o l  o f  p h o t o r e a c t i v a t i o n  by S u t h e r l a n d  
an d  H a u s r a t h  ( 1 9 7 9 ) .  They  s u g g e s t e d  t h a t  t h e  phrA g e n e  or  g e n e  
p r o d u c t  c o n t a i n e d  i n f o r m a t i o n  a f f e c t i n g  t h e  f u n c t i o n a l  p r o p e r t i e s  
o f  t h e  phrB g e n e  p r o d u c t .  H cw ever ,  t h e  phrA g e n e  a l s o  h ad  a p p a r e n t  
p h o t o r  e a c t i v a t i n g  en zym e a c t i v i t y  _in v i t r o , w hen  i s o l a t e d  f  r a n  a 
s t r a i n  l y s o g e n i c  f o r  a I d g a l  s p e c i a l i s e d  t r a n s d u c i n g  'p h a g e  
(S n a p k a  and S u t h e r l a n d ,  1 9 8 0 ) .  The t u r n o v e r  number o f  t h i s  
p r e p a r a t i o n  ( p y r i m i d i n e  d im e r s  p e r  m i n u t e )  w a s  a p p r o x i m a t e l y  
1 0 0 0 - f o l d  l c w e r  t h a n  t h a t  o f  t h e  c l o n e d  phrB g e n e  p r o d u c t ,  l e a d i n g  
S a n c a r  e t  a l .  ( 1 9 8 4 b )  t o  s p e c u l a t e  t h a t  t h e  PRE a c t i v i t y  m e a s u r e d  
by Snapka and S u t h e r l a n d  ( 1 9 8 0 )  may be due t o  l o w - l e v e l  
c o n t a m i n a t i o n  w i t h  t h e  phrB g e n e  p r o d u c t .  I n  a d d i t i o n  t o  t h i s  
s p e c u l a t i o n ,  b o t h  Y ou n gs  and S m ith  ( 1 9 7 8 ) ,  and S a n c a r  and R u p e r t  
(1 9 7  8 a ) ,  f a i l e d  t o  shew any d i f f e r e n c e  i n  p h o t o r e a c t i v a t i o n  b e t w e e n  
phrA+ and phrA  d e l e t i o n  m u t a n t s ,  a l t h o u g h  n o  k i n e t i c  a n a l y s e s  h a v e  
b e e n  p u b l i s h e d .  T h e r e f o r e ,  i t  w a s  o f  i n t e r e s t  t o  d e t e r m i n e  i f  
t h e r e  w a s  any _in v i v o  e v i d e n c e  i n  f a v o u r  o f  t h e  e x i s t e n c e  o f  
m u l t i p l e  p h o t o l y a s e  m o l e c u l e s .  The e x p e r i m e n t s  o f  S u t h e r l a n d  and  
H a u s r a t h  (1 9 7  9) w e r e  r e p e a t e d  u s i n g  s t r a i n s  A B 1 8 8 6 , S A 206 ,  DY314 
and AS45 (A p p e n d ix  1 ) ,  w i t h  b r o a d -b a n d  p h o t o r e a c t i v a t i n g  l i g h t  i n  
t h e  r a n g e  350  -  42 0  nm. The k i n e t i c  a n a l y s e s  r e v e a l e d  a r e a c t i o n  
r a t e  7 0 p e r  c e n t  s l o w e r  f o r  SA206 A (g a l - c h l A ) c o m p a r e d  w i t h  t h e  
p h r + s t r a i n  A 1 8 8 6 .  W h i l s t  q u a n t i t a t i v e  c o m p a r i s o n s  b e t w e e n  t h e s e  
s t r a i n s  m ust  be  u n c e r t a i n  b e c a u s e  o f  t h e i r  n o n - i s o g e n i c i t y ,  i t  w a s  
a p p a r e n t  t h a t  t h e  r a t e  o f  p h o t o r e p a i r  w a s  s i g n i f i c a n t l y  r e d u c e d  i n
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a s t r a i n  d e l e t e d  a t  t h e  p r o p o s e d  phrA l o c u s .  H ow ever ,  
c o n s i d e r a t i o n  m u st  be g i v e n  t o  t h e  f u n c t i o n s  o f  o t h e r  g e n e s  w i t h i n  
t h e  g a l  t o  a t t X  r e g i o n ,  w h ic h  may a f f e c t  t h e  r a t e  o f  p h o t o -  
r e a c t i v a t i o n .  Of p a r t i c u l a r  i n t e r e s t  i s  t h e  hemF l o c u s ,  c o d i n g  f o r  
an  en zym e w h ic h  c a t a l y s e s  t h e  c o n v e r s i o n  o f  c o p r o p o r p h y r i n o g e n  I I I  
t o  p r o t o p o r p h y r i n  IX i n  t h e  haem b i o s y n t h e t i c  p a th w a y .  Cox and  
C h a r l e s  (197  3 )  i s o l a t e d  a hemF m u ta n t ,  and d e m o n s t r a t e d  c o -  
p r o p o r p h y r i n o g e n  a c c u m u l a t i o n ,  haem d e f i c i e n c y  and r e s p i r a t o r y  
d e f i c i e n c y .  H ow ever ,  t h i s  w a s  i s o l a t e d  a s  a s e c o n d a r y  m u ta n t  o f  a  
s t r a i n  w h ic h  a c c u m u la t e d  p r o t o p o r p h y r i n  IX . T h at  t h e  A ( g a l - c h l A ) 
s t r a i n s  may be p a r t i a l l y  r e s p i r a t o r y - d e f i c i e n t  i s  o f  p a r t i c u l a r  
im p o r t a n c e  b e c a u s e  T y r r e l l  (1 9 7  3b )  h a s  shew n t h a t  a n a e r o b i c  g r o w th  
c o n d i t i o n s  s u p p r e s s e s  t h e  p r o d u c t i o n  o f  ERE m o l e c u l e s .  H cw ev er ,  
c o m p a r i s o n  o f  c o l o n y  m o r p h o l o g i e s  and c a t a l a s e  a c t i v i t i e s  o f  t h e  
s t r a i n s  d i d  n o t  shew an y  s i g n i f i c a n t  d i f f e r e n c e s  ( d a t a  n o t  s h e w n ) .
A s m a l l  p h o t o r e a c t i v a b l e  r e s p o n s e  w a s  n o t e d  i n  s t r a i n  DY314 
( p h r B ) a f t e r  254  nm UV i r r a d i a t i o n ,  w h ic h  w a s  a b s e n t  i n  s t r a i n  AS4 5 
( A (g a l - c h l A ) , p h r B ) ,  s u g g e s t i n g  a s e c o n d  l o c u s  c o d e d  f o r  p h o t o a c t i v e  
p r o t e i n  i n  a d d i t i o n  t o  t h e  phrB l o c u s .  To f u r t h e r  c h a r a c t e r i s e  
t h e s e  r e s p o n s e s ,  and t o  r u l e  o u t  any e f f e c t s  due t o  r e c o m b i n a t i o n  
r e p a i r ,  r ecA  d e r i v a t i v e s  o f  t h e  f o u r  s t r a i n s  w e r e  u s e d ;  i s o l a t i o n  
b e i n g  b y  b a c t e r i o p h a g e  P l - m e d i a t e d  t r a n s d u c t i o n  w h e r e  n e c e s s a r y .
The p h o t o r e a c t i v a b l e  r e s p o n s e s  o f  t h e s e  s t r a i n s  w e r e  c h a r a c t e r i s e d  
by h i g h - i n t e n s i t y  f l a s h - p h o t o l y s i s  and c o n t i n u o u s  b r o a d -b a n d  
p h o t o r e a c t i v a t i n g  l i g h t  t r e a t m e n t  a f t e r  254 nm UV and a c e t o p h e n o n e -  
s e n s i t i z e d  313 nm UV i r r a d i a t i o n .
A f t e r  254 nm UV i r r a d i a t i o n ,  t h e  i n a c t i v a t i o n  p a r a m e t e r s  o f  
A B 2480 , ( u vrA  r e c A ) ; A S 4 4 ,  ( A (q a l - c h l A ) r e c A ) ; D Y 326, ( u vrA  uvrB  
phrB r e c A ) and  AS46 ( A (g a l - c h l A ) phrB r e c A ) w e r e  n o t  s i g n i f i c a n t l y
d i f f e r e n t ,  i n d i c a t i n g  t h a t  i n  t h e  t o t a l l y  d a r k - r e p a i r - d e f i c i e n t  
b a c k g r o u n d ,  t h e  p r e s e n c e  o f  a p hr  m u t a t i o n  d o e s  n o t  a f f e c t  s u r v i v a l  
w h en  a s s e s s e d  i n  t h e  a b s e n c e  o f  p h o t o r e a c t i v a t i n g  l i g h t .  The r a t e  
o f  p h o t o r e a c t i v a t i o n  o f  AS44 w a s  30 p e r  c e n t  t h a t  o f  AB24 80 a f t e r  
2 5 4  nm UV i r r a d i a t i o n ,  s u g g e s t i n g  t h a t  a  g e n e  i n  t h e  g a l  t o  a t t l  
r e g i o n  may h a v e  a n  a f f e c t  o n  t h e  r a t e  o f  p h o t o r e a c t i v a t i o n  J j i  v i v o .
T h e r e  w a s  a l s o  e v i d e n c e  o f  p h o t o r e a c t i v a t i o n  i n  DY326, a s t r a i n  
w h i c h  h a s  t h e  phrB m u t a t i o n  t r a n s d u c e d  from  t h e  p h o t o -  
r e a c t i v a t i o n l e s s  m u ta n t  E.  c o l  i  B p h r . T h i s  w a s  i n  c o n t r a s t  t o  
p r e v i o u s  r e p o r t s  u s i n g  phrB s t r a i n s  w h ic h  h a v e  shew n no  p h o t o ­
r e a c t i v a t i o n  o f  c o l o n y  f o r m a t i o n  (Harm and H i l l b r a n d t ,  1 9 6 2 )  o r  
t r a n s f o r m i n g  DNA ( S e t l c w ,  1 9 6 4 ) .  H cw ev er ,  S e t l c w  ( 1 9 6 4 )  
d em o n stra ted  t h a t  p r e - i n c u b a t i o n  o f  H. i n f l u e n z a e  t r a n s f o r m i n g  DNA 
w i t h  an e x t r a c t  o f  E.  c o l i  Bphr i n  t h e  l i g h t  sh ew ed  a n  i n c r e a s e  i n  
t h e  i n i t i a l  r a t e  o f  p h o t o r e a c t i v a t i o n  o f  t r a n s f o r m i n g  a b i l i t y  w i t h  
y e a s t  e x t r a c t  PRE, a s  com p ared  w i t h  p r e - i n c u b a t i o n  i n  t h e  d a r k . - 
B o th  t h e  r a t e  and e x t e n t  o f  p h o t o r e p a i r  o f  DY326 w e r e  m a r k e d ly  
r e d u c e d  co m p a red  w i t h  AB2480 and A S 4 4 . S i n c e  DY326 i s  t o t a l l y  
d a r k - r e p a i r - d e f i c i e n t ,  i t  i s  u n l i k e l y  t h a t  t h e  o b s e r v e d  r e s p o n s e  
c o u l d  be  a t t r i b u t e d  t o  i n d i r e c t  p h o t o r e a c t i v a t i o n .  F u r t h e r m o r e ,  no  
p h o t o r e p a i r  w a s  o b s e r v e d  w i t h  254 nm U V - i r r a d i a t e d  A S 4 6 , a re c A  
d e r i v a t i v e  o f  SA 206 ,  b u t  w h i c h  h a s  h ad  t h e  phrB o f  DY314 t r a n s d u c e d  
i n t o  i t .  T h u s ,  t h e r e  w a s  n o  l i g h t - d e p e n d e n t  r e p a i r  i n  a s t r a i n  
m u t a t e d  a t  b o t h  t h e  phrB and p u t a t i v e  phrA l o c i .  I t  c o u l d  
t h e r e f o r e  be a r g u e d  t h a t  t h i s  w a s  s t r o n g  e v i d e n c e  i n  f a v o u r  o f  tw o  
p h o t o l y a s e  m o l e c u l e s ,  c o d e d  by t h e  phrA and phrB l o c i ,  
r e s p e c t i v e l y .  H cw ev er ,  a p h o t o r e a c t i v a b l e  r e s p o n s e  w a s  o b s e r v e d  
w i t h  25 4  nm U V - i r r a d i a t e d  AS46 a f t e r  g r e w th  a t  2 6 °C ,  i n d i c a t i n g  
t h a t  t h e  s t r a i n  w a s  c a p a b l e  o f  p r o d u c i n g  a p h o t o a c t i v e  p r o t e i n  and
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t h e r e f o r e  n o t  t o t a l l y  p h o t o r e a c t i v a t i o n - d e f i c i e n t .  T h i s  r e s u l t  
r a i s e s  t h e  q u e s t i o n  w h e t h e r  t h e r e  i s  a t h i r d  p h r  l o c u s  i n  JE. c o l i , 
o r  i f  t h e  m u ta n t  phrB g en e  p r o d u c t  h a s  some t e m p e r a t u r e - d e p e n d e n t  
a c t i v i t y .  I t  s h o u l d  be e m p h a s i s e d  t h a t  d e c r e a s i n g  t h e  gro w th  
t e m p e r a t u r e  r e s u l t e d  i n  an i n c r e a s e  i n  t h e  r a t e  o f  p h o t o ­
r e a c t i v a t i o n  o f  254  nm U V - in d u c e d  damage i n  a l l  f o u r  s t r a i n s .
H o w e v e r ,  t h e  r a t e  o f  r e p a i r  o f  AS46 ( ' p h rA ' p h r B ) d i d  n o t  a p p r o a c h  
t h a t  o f  DY326 ( p h r B ) ,  e v e n  a f t e r  g r o w th  a t  26°C  ( T a b l e  3 . 1 1 ) ,  
i n d i c a t i n g  t h a t  i f  t h e  m u ta n t  phrB g e n e  p r o d u c t  d o e s  h a v e  some  
p h o t o l y a s e  a c t i v i t y ,  t h e n  i t  i s  m a r k e d ly  r e d u c e d  i n  t h e  p u t a t i v e  
phrA  m u ta n t  b a c k g r o u n d .  T h i s  c o n c l u s i o n  i s  f u r t h e r  s u p p o r t e d  by  
t h e  s l o w e r  r a t e  o f  r e p a i r  o b s e r v e d  w i t h  254  nm U V - i r r a d i a t e d  AS44  
c o m p a red  w i t h  A B 2480 . W h i l s t  i t  c o u l d  be a r g u e d  t h a t  t h e  s m a l l  
p h o t o r e a c t i v a b l e  r e s p o n s e  o b s e r v e d  w i t h  254  nm U V - i r r a d i a t e d  DY326 
(a n d  AS46 a f t e r  g r o w th  a t  26 °C ) c o u l d  be a t t r i b u t e d  t o  a d i r e c t  
p h o t o s e n s i t i z e d  m o n c m e r i z a t i o n  r e a c t i o n ,  su c h  a s  t h o s e  o b s e r v e d  
w i t h  t r y p t o p h a n - c o n t a i n i n g  o l i g o p e p t i d e  ( H e l e n e  e t  a l . ,  1 9 7 8 )  o r  
t h e  s u b s t a n c e  SF420  f r a n  S t r e p t a n y c e s  g r i s e u s  (E k e r  e t  a l . ,  1 9 8 1 ) ,  
i t  s h o u l d  be n o t e d  t h a t  t h e r e  w a s  n o  m e a s u r a b l e  r e p a i r  b e lo w  350  
nm. T h i s  s u g g e s t e d  t h a t  t h e  r e a c t i o n  w a s  n o t  m e d i a t e d  by a  
t r y p t o p h a n - c o n t a in in g  o l i g o p e p t i d e ,  s i n c e  i n  t h e s e  c a s e s  t h e  r e a c t i o n  
d o e s  n o t  o c c u r  a b o v e  3 50 nm. W h i l s t  t h e  c h r o m o p h o r ic  m o i e t y  SF420  
from  jS. g r i s e u s  c e l l s  d i d  b r i n g  a b o u t  p h o t o c h e m i c a l  s p l i t t i n g  o f  
t h y m in e  d i m e r s  i n  t h e  a c t i n i c  w a v e l e n g t h  r e g i o n  f o r  e n z y m a t ic  
p h o t o r e a c t i v a t i o n  (E k er  e t  a l . ,  1 9 8 1 ) ,  we w o u ld  n o t  e x p e c t  i t  t o  
e x h i b i t  e n z y m a t i c  p r o p e r t i e s ,  su c h  a s  t e m p e r a t u r e - d e p e n d e n c e .
H c w e v e r ,  t h e  k i n e t i c s  o f  p h o t o r e p a i r  o f  254 nm U V - i n a c t i v a t e d  DY326 
d i d  shew  t e m p e r a t u r e - d e p e n d e n c e  o v e r  t h e  r a n g e  1 5  t o  3 7 °C ,  
r e s u l t i n g  i n  a n  a c t i v a t i o n  e n e r g y  term  ( d e r i v e d  from  t h e  A r r h e n i u s
r e l a t i o n s h i p )  a p p r o x i m a t e l y  25  p e r  c e n t  g r e a t e r  t h a n  t h e  v a l u e s  
o b t a i n e d  w i t h  AB24 80 and A S 4 4 . The o v e r w h e lm in g  c o n c l u s i o n  frcm  
t h e s e  d a t a  i s  t h a t  t h e  o b s e r v e d  p h o t o r e p a i r  h a s  a l l  t h e  
c h a r a c t e r i s t i c s  o f  p h o t o e n z y m a t i c  r e p a i r ,  and t h e r e f o r e  m o st  l i k e l y  
m e d i a t e d  by a p h o t o l y a s e - l i k e  m o l e c u l e .  H c w e v e r ,  s i n c e  t h e r e  w e r e  
no o b v i o u s  d i f f e r e n c e s  i n  t h e  m e a s u r e d  c h a r a c t e r i s a t i o n  o f  
w a v e l e n g t h -  and t e m p e r a t u r e - d e p e n d e n c e ,  i t  w a s  n o t  p o s s i b l e  t o  
c o n c l u d e  w h e t h e r  t h e  r e s p o n s e  w a s  m e d i a t e d  by a p h o t o l y a s e  m o l e c u l e  
w h i c h  i s  d i f f e r e n t  fr c m  t h e  m a jo r  phrB+ g e n e  p r o d u c t  or  w h e t h e r  t h e  
r e s p o n s e  i s  a m a n i f e s t a t i o n  o f  a m u ta n t  form  o f  t h e  l a t t e r .  I f  t h e  
f o r m e r  h y p o t h e s i s  i s  c o r r e c t ,  t h a t  i s ,  t h e  r e s p o n s e  i s  m e d i a t e d  by 
a p h o t o l y a s e  m o l e c u l e  c o d e d  by t h e  phrA+ g e n e ,  t h e n  w e m ig h t  
r e a s o n a b l y  e x p e c t  t o  s e e  t h e  e f f e c t s  o f  b o t h  m o l e c u l e s  i n  A B 2480 ,  
b u t  o n l y  t h a t  o f  t h e  phrB+ g e n e  p r o d u c t  i n  A S 4 4 .  The k i n e t i c  
a n a l y s e s  o f  t h e  p h o t o r e a c t i v a t i o n  d a t a  f o r  2 5 4  nm U V - i r r a d i a t e d  
AB24 80 and AS44 r e s u l t e d  i n  b i p h a s i c  r e a c t i o n s  w h en  a n a l y s e d  by  
e i t h e r  t h e  ( 1 - P )  ( T y r r e l l  and D a v i e s ,  1 9 7 4 )  o r  ' l e t h a l  h i t '  
m e th o d s  ( J o h n s o n  and H a y n e s ,  1 9 8 6 a ) .  F u r t h e r m o r e ,  tw o  s p e c i f i c  
r a t e  c o n s t a n t s  w e r e  d e r i v e d  fr c m  t h e  l e t h a l  h i t  a n a l y s e s ;  
c i r c u m s t a n c e s  w h ic h  J o h n s o n  and H a y n e s  ( 1 9 8 6 a )  c l a i m  a r e  i n d i c a t i v e  
o f  t h e  a c t i o n  o f  tw o  p h o t o l y a s e  m o l e c u l e s .  The v a l u e s  f o r  AS44 
w e r e  35  and 58 p e r  c e n t  o f  t h o s e  o f  AB24 8 0 ,  s u g g e s t i n g  t h a t  t h e  
r a t e  o f  p h o t o -  r e p a i r  o f  AS44 i s  p r o b a b l y  n o t  a t t r i b u t a b l e  t o  a 
s i m p l e  d e c r e a s e  i n  t h e  number o f  PRE m o l e c u l e s .  When t h e  g r c w th  
t e m p e r a t u r e  w a s  d e c r e a s e d  t o  2 6 ° C ,  t h e  s l o w e r  r a t e  c o n s t a n t  f o r  
AB24 80 w a s  i n c r e a s e d  1 0 - f o l d ,  and i n d e e d  m ask ed  a n y  c o n t r i b u t i o n  t o  
t h e  r e a c t i o n  by t h e  f a s t e r  r a t e  p r o c e s s ,  w h i l s t  t h e  same r a t e  
c o n s t a n t  f o r  AS44 w a s  o n l y  i n c r e a s e d  1 . 7 - f o l d .  T h e s e  d a t a  s u g g e s t  
t h a t  t h e  r e p a i r  c o n s t a n t s ,  and h e n c e  r e p a i r  a c t i v i t i e s  o f  t h e  PRE
m o l e c u l e ( s )  p r e s e n t  i n  AB2480 a r e  r e l a t i v e l y  m ore a b l e  t o  r e s p o n d  
t o  a d v e r s e  c u l t u r e  c o n d i t i o n s  t h a n  t h o s e  i n  A S 4 4 . The m o st  
s i m p l i s t i c  i n t e r p r e t a t i o n  o f  t h e  b i p h a s i c  k i n e t i c  d a t a  i s  t h a t  t h e  
r e a c t i o n  i s  e i t h e r  m e d i a t e d  by a s i n g l e  p h o t o l y a s e  m o l e c u l e  w h ic h  
h a s  d i f f e r e n t  r e p a i r  c a p a c i t i e s ,  p e r h a p s  t o w a r d s  o n e  or  m ore  
s u b s t r a t e s ,  or  t h a t  t h e  r e a c t i o n  i s  m e d i a t e d  by tw o  p h o t o l y a s e  
m o l e c u l e s .  The s u g g e s t i o n  t h a t  t h e  b i p h a s i c  r e a c t i o n  k i n e t i c s  may 
b e a t t r i b u t a b l e  t o  t h e  d i f f e r e n t  s p e c i e s  o f  c y c l o b u t a n e - t y p e  
p y r i m i d i n e  d im er  i s  p a r t i c u l a r l y  a t t r a c t i v e  s i n c e  M y le s  e t  a l .
( 1 9 8 7 )  h a v e  shew n t h a t  t h e  p u r i f i e d  5 0 -k D a  p h o t o l y a s e  (phrB g e n e  
p r o d u c t )  b i n d s  w e l l  t o  T -T  d im e r s  and  p h o t o l y s e s  them  e f f i c i e n t l y ,  
w h i l s t  T -C , C-T and i n  p a r t i c u l a r  C-C d i m e r s  a r e  n e i t h e r  bound n o r  
r e p a i r e d  e f f i c i e n t l y  by t h e  en zy m e . H cw e v e r ,  b i p h a s i c  p h o t o ­
r e a c t i v a t i o n  k i n e t i c s  w e r e  o b t a i n e d  a f t e r  a c e t o p h e n o n e -  s e n s i t i z e d  
313  nm U V - i r r a d i a t i o n  o f  b o t h  AB24 80 and A S 4 4 ,  i n d i c a t i n g  t h a t  i f  
t h e r e  i s  j u s t  o n e  t y p e  o f  PRE m o l e c u l e  p r e s e n t ,  t h e n  i t  m u st  h a v e  
tw o  r e p a i r  a c t i v i t i e s  t o w a r d s  a n  e s s e n t i a l l y  h o m o g en eo u s  p o p u l a t i o n  
o f  T-T  d im e r s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  H u s a i n  and  S a n c a r  
( 1 9 8 7 a )  fo u n d  t h a t  t h e  p u r i f i e d  50 -k D a  p h o t o l y a s e  (phrB * g e n e  
p r o d u c t )  d i s s o c i a t e d  frcm  a 43 bp o l i g o n u c l e o t i d e  h a v i n g  a s i n g l e  
T -T  d im er  w i t h  b i p h a s i c  k i n e t i c s .  A p p r o x im a t e ly  10  p e r  c e n t  o f  t h e  
PRE m o l e c u l e s  d i s s o c i a t e d  w i t h  a r a t e  c o n s t a n t  5 0 - f o l d  s l o w e r  t h a n  
t h e  o t h e r  90 p e r  c e n t ,  s u g g e s t i n g  t h a t  tw o  a p p a r e n t l y  h o m o g en eo u s  
c o m p o n e n ts  seem  t o  make a t  l e a s t  t w o  d i f f e r e n t  c l a s s e s  o f  
c o m p l e x e s ,  or  t h e  tw o  c o m p o n e n ts  make a h o m o g e n e o u s  c o m p le x  w h ic h  
c a n  d i s s o c i a t e  by tw o  s e p a r a t e  p a t h w a y s .  A l t h o u g h  no  p h o t o l y s i s  
d a t a  h a v e  b e e n  p u b l i s h e d  u s i n g  t h i s  d e f i n e d  s u b s t r a t e  t e c h n i q u e ,  i t  
i s  n o t  u n r e a s o n a b l e  t o  e x p e c t  t h a t  tw o  d i f f e r e n t  c l a s s e s  o f  en z y m e -  
s u b s t r a t e  c o m p le x e s  w o u ld  h a v e  d i f f e r e n t  p h o t o r e a c t i v a t i o n  c r o s s -
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s e c t i o n s .  T h e r e f o r e ,  i t  i s  n o t  p o s s i b l e  t o  c o n c l u d e  frcm  t h e s e ,  
k i n e t i c  s t u d i e s  w h e t h e r  t h e  r e a c t i o n  i s  m e d i a t e d  by on e  or  tw o  
p h o t o l y a s e  m o l e c u l e s .  .
I n  a r e c e n t  s t u d y ,  H u s a in  and  S a n c a r  ( 1 9 8 7 b )  r e p o r t e d  n o  
d i f f e r e n c e  i n  t h e  r a t e  o f  p h o t o r e a c t i v a t i o n  b e t w e e n  254 nra 
U V - i r r a d i a t e d  18 hour c e l l s  o f  SA206 (A ( q a l - c h l A ) ) and SA205  
( A ( a t t A  - c h l A ) , a l t h o u g h  t h e y  d i d  n o t e  a 2 - f o l d  d i f f e r e n c e  i n  n e a r -  
UV s e n s i t i v i t y .  I n  c o n t r a s t  t o  t h i s  s t u d y ,  w h e r e i n  a m arked  
d i f f e r e n c e  i n  p h o t o r e a c t i v a t i o n  r a t e  w a s  n o t e d  b e t w e e n  SA206 and  
A B 1 8 8 4 ,  A B 1885 , AB1886 and SA446 ( A (a t t A - c h l A ) ( s e e  F i g .  2 . 1 0 ,
R e s u l t s  and D i s c u s s i o n  P a r t  I I )  u s i n g  b r o a d - b a n d  p h o t o r e a c t i v a t i n g  
l i g h t  h a v i n g  a p e a k  a t  3 80 nm ( s e e  F i g .  7 ,  G e n e r a l  M e t h o d o l o g y ) ,  
t h e  a u t h o r s  u s e d  tw o  S y l v a n i a  F15T8/BLB la m p s  a s  t h e  l i g h t  s o u r c e  
and tw o  l a y e r s  o f  w indow  g l a s s  t o  c u t  o u t  w a v e l e n g t h s  b e lo w  3 0 0  nra.
T h e s e  l i g h t  s o u r c e s  h a v e  a p e a k  a t  3 5 0  nm, a w a v e l e n g t h  a t  w h i c h  we  
w o u ld  n o t  e x p e c t  t o  s e e  any d i f f e r e n c e s  i n  t h e  r a t e  o f  p h o t o r e p a i r ,  
s i n c e  i n  t h e  w a v e l e n g t h - d e p e n d e n c e  s t u d y  r e p o r t e d  i n  S e c t i o n  3 . 5  
( R e s u l t s  and D i s c u s s i o n  P a r t  I I I ) ,  t h e  p h o t o r e p a i r  r a t e  c o n s t a n t  
(k ^ )  f o r  AB24 80 ( p h r + ) w a s  s l i g h t l y  l c w e r  com p ared  w i t h  AS44 
( ZiphrA) . The d i f f e r e n c e  i n  t h e  r a t e  o f  p h o t o r e p a i r  w a s  o n l y  n o t e d  
w i t h  w a v e l e n g t h s  b e t w e e n  360  and 420  nm. W h i l s t  t h i s  i s  a  
p l a u s i b l e  e x p l a n a t i o n  f o r  t h e  o b s e r v e d  d i f f e r e n c e s  b e t w e e n  t h e s e  
tw o  s t u d i e s ,  i t  s h o u l d  be e m p h a s i s e d  t h a t  t h e  p h o t o r e a c t i v a t i o n  
p r o c e d u r e  u s e d  by H u s a in  and S a n c a r  ( 1 9 8 7 b )  w as i d e n t i c a l  t o  t h a t  
r e p o r t e d  by S u t h e r l a n d  an d  H a u s r a t h  (1 9 7  9 ) .  T h e r e  i s  n o  o b v i o u s  
r e a s o n  why t h e s e  w o r k e r s  s h o u l d  o b t a i n  a p p a r e n t l y  c o n f l i c t i n g  
r e s u l t s .  S a n c a r  e t  a l .  ( 1 9 8 7 a )  m e a s u r e d  t h e  p h o t o r e a c t i v a t i o n  
c r o s s - s e c t i o n  a t  3 84 nm i n  a A(g a l - u v r B ) s t r a i n ,  and o b t a i n e d  a  
v a l u e  o f  e <J> = 3 . 3 x l 0 4 M ^ .cm  \  com p ared  w i t h  e<f> = 4 . 4 x l 0 4 M ^ .cm  *
f o r  a n  o t h e r w i s e  i s o g e n i c  s t r a i n .  A l th o u g h  t h e  a u t h o r s  f o u n d  t h i s
t o  be  n o t  s t a t i s t i c a l l y  d i f f e r e n t  w i t h i n  t h e  l i m i t s  o f  t h e  a c c u r a c y
o f  _in v i v o  m e a s u r e m e n t s ,  t h e  d i f f e r e n c e  i n  quantum  y i e l d  may
c o n t r i b u t e  t o  t h e  d i f f e r e n c e  i n  t h e  r a t e  o f  p h o t o r e a c t i v a t i o n  w h ic h
w e o b s e r v e d  w i t h  380 nm b r o a d - b a n d  p h o t o r e a c t i v a t i n g  l i g h t .  H u s a in
an d  S a n c a r  ( 1 9 8 7 b )  fo u n d  t h a t  uvrA  phrB s t r a i n s  i n a c t i v a t e d  t o  1 x  
- 4
10 s u r v i v i n g  f r a c t i o n  w i t h  254  nm UV r a d i a t i o n ,  e x h i b i t e d  a 10 t o
3 0 - f o l d  i n c r e a s e  i n  s u r v i v a l  a f t e r  5 h o u r s  o f  b l a c k - l i g h t
p h o t o r e a c t i v a t i o n  t r e a t m e n t  and c o r r e c t i o n  f o r  PR l i g h t - i n d u c e d
l e t h a l i t y .  They t e s t e d  t h e  h y p o t h e s i s  t h a t  t h i s  may be
a t t r i b u t a b l e  t o  t h e  4 0 -k D a  p r o t e i n  e n c o d e d  by t h e  phrA g e n e  by
c o m p a r in g  t h e  p h o t o r e a c t i v a t i o n  k i n e t i c s  o f  a uvrA AphrB s t r a i n
w i t h  a uvrA AphrB, A (g a l - a t t A ) s t r a i n .  A f t e r  c o r r e c t i o n  f o r  t h e  PR
l i g h t - i n d u c e d  l e t h a l i t y ,  b o t h  s t r a i n s  sh ew ed  a  10- f o l d  i n c r e a s e  i n
- 4s u r v i v a l  a f t e r  254  nm UV i n a c t i v a t i o n  t o  1 x  10 s u r v i v i n g  
f r a c t i o n .  The k i n e t i c s  o f  r e p a i r  w e r e  s i m i l a r  f o r  b o t h  s t r a i n s .  < 
T h e s e  r e s u l t s  h a v e  im p o r t a n t  i m p l i c a t i o n s  f o r  t h e  i n t e r p r e t a t i o n  o f  
t h e  d a t a  p r e s e n t e d  i n  t h i s  t h e s i s .  F i r s t l y ,  t h e y  s u g g e s t  t h a t  t h e  
r e p a i r  o b s e r v e d  i n  t h e  phrB m u ta n t  s t r a i n s  may be a t t r i b u t a b l e  t o  
a n  unknown p h o t o l y a s e  m o l e c u l e ,  r a t h e r  th a n  t h e  phrB m u ta n t  g e n e  
p r o d u c t  h a v i n g  som e p a r t i a l  p h o t o l y a s e  a c t i v i t y .  T h i s  l a t t e r  
s u g g e s t i o n  c o u l d  b e  e a s i l y  t e s t e d  by c l o n i n g  t h e  m u ta n t  phrB g e n e  
and t e s t i n g  f o r  PRE a c t i v i t y ,  i n  a  manner s i m i l a r  t o  t h a t  d e s c r i b e d  
f o r  t h e  uvrB5 m u t a t i o n  by B a c k e n d o r f  e t  a l .  ( 1 9 8 6 ) .  The m u t a t i o n  
c o u l d  be c o n v e n i e n t l y  i s o l a t e d  u s i n g  t h e  c l o n e d  phrB + g e n e  a s  a 
p r o b e  i n  h y b r i d i z a t i o n  e x p e r i m e n t s .  S e c o n d l y ,  t h e  d a t a  r e p o r t e d  by  
H u s a in  and S a n c a r  ( 1 9 8 7 b ) ,  i n d i c a t i n g  t h a t  a AphrB AphrA m u ta n t  
e x h i b i t s  t h e  sam e p h o t o r e a c t i v a b l e  r e s p o n s e  a s  a AphrB s t r a i n ,  
s u g g e s t s  t h a t  t h e  p h o t o l y a s e  a c t i v i t y  c a n n o t  be a t t r i b u t e d  t o  t h e
40-kD A  p h o t o l y a s e  c o d e d  by t h e  p u t a t i v e  phrA g e n e .  W h i l s t  t h e i r  
o b s e r v a t i o n  t h a t  uvrA  AphrA AphrB s t r a i n s  a r e  n o t  t o t a l l y  p h o t o ­
r e a c t i v a t i o n - d e f i c i e n t '  a g r e e s  w i t h  t h e  c o n c l u s i o n  t h a t  AS46 
( AphrA phrB AuvrB r e c A ) h a s  some p h o t o l y a s e  a c t i v i t y  (w h en  t h e  
g r o w th  t e m p e r a t u r e  i s  l o w e r e d ) ,  i t  d o e s  n o t  e x p l a i n  why we  
c o n s i s t e n t l y  f i n d  a r e d u c e d  r a t e  o f  p h o t o r e a c t i v a t i o n  i n  s t r a i n s  
d e l e t e d  a t  t h e  p u t a t i v e  phrA l o c u s .  A l th o u g h  t h i s  c o u l d  be  
a t t r i b u t e d  t o  t h e  n o n - i s o g e n i c i t y  o f  t h e  s t r a i n s ,  we h a v e  shew n  
t h a t  c l o n i n g  a n  a p p r o x i m a t e l y  8-k b p  S p h l  r e s t r i c t i o n  f r a g m e n t  from  
t h e  g a l  t o  a t t l  r e g i o n  ( c a r r i e d  o n  a Lambda s p e c i a l i s e d  t r a n s d u c i n g  
’ p h a g e )  r e s u l t e d  i n  a p h o t o r e a c t i v a b l e  r e s p o n s e  i n  s t r a i n  AS46 when  
grow n  a t  3 7 ° C ,  com p ared  w i t h  t h e  same s t r a i n  t r a n s f o r m e d  w i t h  t h e  
h o s t  v e c t o r  pB R 322. F u r t h e r m o r e ,  t h i s  same p l a s m i d ,  named pASO l,  
r e s u l t e d  i n  a n  i n c r e a s e  i n  t h e  s i n g l e  p h o t o r e a c t i v a t i n g  f l a s h  
r e s p o n s e  and r a t e  o f  p h o t o r e p a i r  u s i n g  c o n t i n u o u s  b r o a d - b a n d  
p h o t o r e a c t i v a t i n g  l i g h t  i n  s t r a i n  AS44 com p ared  w i t h  AS44/pBR3 22 ;  
T h e r e f o r e ,  i t  m u s t  be c o n c l u d e d  t h a t  a g e n e  frcm  t h e  g a l  t o  a t t A  
i n t e r v a l  i s  c a p a b l e  o f  i n c r e a s i n g  t h e  r a t e  o f  p h o t o r e p a i r  i n  
A(g a l - a t t X ) s t r a i n s ,  i m p l y i n g  t h a t  t h e r e  i s  a g e n e  p r e s e n t  c a p a b l e  
o f  a f f e c t i n g  t h e  r a t e  o f  p h o t o e n z y m a t i c  r e p a i r  i n  E . c o l i  K -1 2 .  
H o w ev er ,  a v a i l a b l e  e v i d e n c e  frcm  t h i s  s t u d y  and o t h e r  p u b l i s h e d  
w o rk  w o u ld  seem  t o  a r g u e  a g a i n s t  t h e  g e n e  c o d i n g  f o r  a p r o t e i n  w i t h  
p h o t o l y a s e  a c t i v i t y ,  p a r t i c u l a r l y  s i n c e  t h e  ' phrA p l a s m i d ' ,  pASOl,  
d i d  n o t  a f f e c t  t h e  r a t e  o f  p h o t o r e p a i r  i n  t h e  phrA* phrB uvrAB 
recA  s t r a i n ,  DY326. T h i s  w o u ld  seem  t o  c a s t  d o u b t  o n  t h e  e x i s t e n c e  
o f  t h e  4 0 -k D a  g l y c o r i b o n u c l e o p r o t e i n  i s o l a t e d  fr c m  t h e  g a l - a t t A  
i n t e r v a l  by S u t h e r l a n d  e t  a l .  ( 1 9 7 3 ) .  H u s a in  and S a n c a r  ( 1 9 8 7 b )  
n o t e  t h e  o b s e r v a t i o n  o f  S i l h a v y  e t  a l .  ( 1 9 8 3 ) ,  t h a t  g e n e r a l l y  E,  
c o l i  d o e s  n o t  h a v e  g l y c o p r o t e i n s .  F u r th e r m o r e ,  t h e  40-kD A
p h o t o l y a s e  (a n d  t h e  h i g h l y  c o n t r o v e r s i a l  p h o t o r e a c t i v a t i n g  enzym e  
fro m  human c e l l s )  i s  t h e  o n l y  p h o t o l y a s e  i s o l a t e d  t o - d a t e  w h ic h  
l a c k s  a n  i n t r i n s i c  c h r c m o p h o r e  and d o e s  n o t  e x h i b i t  an y  a b s o r b a n c e  
i n  t h e  a c t i n i c  w a v e l e n g t h  r e g i o n .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  
H u s a i n  and S a n c a r  ( 1 9 8 7 b )  r e p o r t e d  a s i g n i f i c a n t  i n c r e a s e  i n  
n ear-U V  s e n s i t i v i t y  o f  SA206 ( A(g a l - c h l A ) ) co m p a red  w i t h  SA205  
( A(a t t A - c h l A ) ) .  W h i l s t  t h e r e  a r e  s e v e r a l  e x p l a n a t i o n s  f o r  t h i s  
d i f f e r e n c e ,  i n c l u d i n g  s e n s i t i z a t i o n  due t o  a  b u i l d - u p  o f  p o r p h y r i n  
p r e c u r s o r s ,  i t  i s  t e m p t i n g  t o  s u g g e s t  t h a t  t h e  phrA g e n e  p r o d u c t  
may h a v e  a r o l e  i n  n e a r - U V - in d u c e d  l e t h a l i t y .  T h i s  w o u ld  s u g g e s t  a 
r e a s o n  why t h e  g e n e  h a s  b e e n  r e t a i n e d  d u r i n g  e v o l u t i o n ,  s i n c e  o v e r  
t h e  l a s t  h a l f  a b i l l i o n  y e a r s  t h e  w a v e l e n g t h s  w h ic h  a r e  m o s t  l i k e l y  
t o  in d u c e  p h o t o r e a c t i v a b l e  p y r i m i d i n e  d im e r s  h a v e  b e e n  f i l t e r e d  by  
t h e  o z o n e  l a y e r .  Hew e v e r ,  i n  d e f e n c e  o f  p h o t o r e a c t i v a t i o n  a s  a DNA 
r e p a i r  m e c h a n ism ,  i t  s h o u l d  be n o t e d  t h a t  p y r i m i d i n e  d i m e r s  h a v e  
b e e n  d e t e c t e d  i n  b a c t e r i a l  DNA a f t e r  3 6 5  nm UV i r r a d i a t i o n  
( T y r r e l l ,  197 3 a ) ,  a s  h a s  p h o t o r e a c t i v a t i o n  o f  36 5  nm U V - in d u c e d  
i n a c t i v a t i o n  (B rcw n  and Webb, 1 9 7 2 ) .
I t  i s  h o p e d  t h a t  t h e  p r e l i m i n a r y  i n v e s t i g a t i o n s  w i t h  p l a s m i d  
pASOl w i l l  b e  c a r r i e d  f u r t h e r  t o  c h a r a c t e r i s e  t h e  g e n e  p r o d u c t  and  
i s o l a t e  a n  i s o g e n i c  s e r i e s  o f  p h r  m u t a n t s .  At p r e s e n t ,  i t s  
p r o p o s e d  ' i n t e r a c t i o n '  w i t h  t h e  phrB g e n e / p r o d u c t  c a n  o n l y  be t h e  
s u b j e c t  o f  s p e c u l a t i o n .  T h e r e  a r e  s e v e r a l  p o s s i b i l i t i e s  f o r  t h i s  
i n t e r a c t i o n  i n c l u d i n g  a s i m p l e  i n c r e a s e  i n  t h e  number o f  p h o t o l y a s e  
m o l e c u l e s ,  a s h i f t  i n  t h e  e q u i l i b r i u m  frcm  an  i n a c t i v e -  t o  an  
a c t i v e  s t a t e ,  or  p e r h a p s  a c h a n g e  i n  t h e  h i g h e r - o r d e r  s t r u c t u r e  o f  
t h e  p h o t o l y a s e  m o l e c u l e  t o  e i t h e r  i n c r e a s e  i t s  a b i l i t y  t o  c o m p le x  
w i t h  t h e  s u b s t r a t e  or  t o  i n c r e a s e  t h e  p h o t o r e a c t i v a t i o n  
c r o s s - s e c t i o n  o f  t h e  e n z y m e - s u b s t r a t e  c o m p le x .
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F i n a l l y ,  i f  t h e  p h o t o r e p a i r  m e a s u r e d  i n  t h e  phrB m u ta n t  DY326 
i s  due t o  a n  unknown p h o t o l y a s e  m o l e c u l e ,  t h e n  t h e  c h a r a c t e r i s a t i o n  
r e p o r t e d  i n  t h i s  t h e s i s  s u g g e s t s  t h a t  t h e  m o l e c u l e  h a s  many o f  t h e  
c l a s s i c  p r o p e r t i e s  o f  a p h o t o r e a c t i v a t i n g  e n zy m e . T h i s  a r g u e s  
a g a i n s t  su c h  s u g g e s t i o n s  a s  d i r e c t  p h o t o r e v e r s a l  o f  p y r i m i d i n e  
d i m e r s  by  p h o t o r e a c t i v a t i n g  l i g h t  o r  s e n s i t i z e d  d i m e r - c l e a v a g e  by 
f l a v i n  a d e n i n e  d i n u c l e o t i d e ,  a s  m e c h a n is m s  f o r  t h e  o b s e r v e d  
r e s p o n s e .
I n  c o n c l u s i o n ,  i t  i s  h o p ed  t h i s  w o rk  m akes  a p o s i t i v e  
c o n t r i b u t i o n  t o w a r d s  t h e  c u r r e n t  d e b a t e  on t h e  g e n e t i c  c o n t r o l  o f  
p h o t o e n z y m a t i c  r e p a i r  i n  E .  c o l 1 . The d a t a  c o n f i r m  t h e  n o t i o n  t h a t  
t h e  phrB * g e n e  p r o d u c t  i s  t h e  m a jo r  p h o t o l y a s e ,  b u t  a l s o  i n d i c a t e  
t h a t  a  g e n e  w i t h i n  t h e  g a l - a t t l  i n t e r v a l  h a s  a s i g n i f i c a n t  e f f e c t  
on  t h e  k i n e t i c s  o f  p h o t o r e p a i r ,  b u t  p r o b a b ly  d o e s  n o t  c o d e
f o r  a p h o t o a c t i v e  p r o t e i n .  H cw e v e r ,  t h e  d a t a  do s u p p o r t  t h e  
i n t r i g u i n g  p o s s i b i l i t y  t h a t  t h e r e  i s  a s e c o n d  p h o t o l y a s e  m o l e c u l e  
i n  E .  c o l i , t h e  g e n e t i c  l o c u s  o f  w h i c h  i s  n o t  known.
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JC 50 8 0
DY292
t h r - 1  l e u - 6  t h i - 1  l a c Y l  g a l K 2  a r a - 1 4  x y 1 - 5  m t l - 1  A ( g p t - p r o A ) 62  
h i s - 4  a r g E 3  r p s L 3 1  t s x - 3 3  s u p E 4 4
A B1157uvrA 6 -  n i t r o u s  a c i d  t r e a t m e n t
A B l l5 7 u v r B 5  -  n i t r o u s  a c i d  t r e a t m e n t
A B 1157uvrC 34 -  n i t r o u s  a c i d  t r e a t m e n t
F u v r A 6  r e c A l 3  A ( g p t - p r o A ) 62  t h i - 1  l a c Y l  g a l K 2  r p s L 3 1
A ( g a l - c h l A )  m u ta n t  o f  C400 ( w i l d - t y p e )  b y  s e l e c t i o n  on  
c h l o r a t e  a g a r .
A ( a t t X - c h l A )  m u ta n t  o f  C400 ( w i l d - t y p e )  b y  s e l e c t i o n  on  
c h l o r a t e  a g a r .
E. c o l i  B p h r  u v r B  -  uv rB  d e r i v a t i v e  o f  E. c o l i  B p h r
RF b i o  r h a  l a c Z  s t r  t h y A  t h y R  m e tE  malB
H f r K L - 1 6  r e c A 5 6  t h r  i l v  s p e c
— RF l e u B  b i o  r h a  l a c Z  s t r  t h y A  t h y R  m e t E +uv rA 6
(P 1 .A B 1886  x  W3110 -  s e l e c t  m al )
D e W it t  and A d e l b e r g ,  1 9 6 2 .
H o w a r d -F la n d e r s  and T h e r i o t ,  196 6  
H o w a r d - F la n d e r s  an d  T h e r i o t ,  1966 ,  
H o w a r d - F la n d e r s  an d  T h e r i o t ,  1966 ,  
H o w a r d -F la n d e r s  and  T h e r i o t ,  1 966 ,  
Adhya e t  a l . ,  1 9 6 8 .
Adhya e t  a l . , 1 9 6 8 .
Kondo and K a t o ,  1 9 6 6 .
(Harm an d  H i l l e b r a n d t ,  1 9 6 2 ) .
(D. Y oungs)
J .  G r o s s  (D. Y oungs)
D. Y oungs
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'x9 1 7 0
— R
F l e u B  r h a  l a c Z  s t r  t h y A  t h y R  m^tE u vrA 6  uv rB  p h r
( P l . H s 3 0  x  DY292 -  s e l e c t  b i o  )
  i?
F l e u B  r h a  L a c Z  s t r  th y A  t h y R  m e t E  u vr A 6  uv rB  p h r  r e c A 5 6
(DY314 x  JC 50 8 0  -  s e l e c t  t h y
H f r ( P 0 4 5 )  t h i - 3 0 0  i l v - 3 1 8  s p c - 3 0 0  s r l A 3 0 0 : :T n lO  r e c A 5 6
A ( g a l - c h l A )  s r l A 3 0 0 : : T n l O  r e c A 5 6
( P I .J C 1 0 2 4 0  x  SA206 -  s e l e c t  Tc )
A ( g a l - c h l A )  p h r  (P1 .D Y 314 x  SA206 -  s e l e c t  g a l + )
A ( g a l - c h l A )  p h r  s r l A 3 0 0 : : T n l O  r e c A 5 6  
(P 1 .D Y 314 x  AS45 -  s e l e c t  T cR)
F t h r - 1  l e u B 6  to n A 2 1  l a c Y l  s u p E 4 4  t h i - 1  X
F~ g a l T 2 2  g a l K 2  I N ( r r n D - r r n E ) 1 X~
F k d p  g l t A  g a l
Y oungs and  S m i t h ,  1 9 7 8 .  
D. Y oungs
C son k a  and C l a r k e ,  1 9 8 0 .  
T h i s  w o rk .
T h i s  w ork .
T h i s  w ork .
A p p l e y a r d ,  1 9 5 4 .  
C a m p b e l l ,  1 9 6 1 .
W. E p s t e i n  (D. Y oungs)
★
o b t a i n e d  from  P r o f e s s o r  K. C. S m it h ,  S t a n f o r d  U n i v e r s i t y
APPENDIX 2
GROWTH MEDIA
G a l a c t o s e  M in im al Medium
O x o id  A gar  No. 3 1 . 2  g
W a te r  8 8 . 5  ml
a f t e r  a u t o c l a v i n g : -
M9A 2 ml
M9B 8 ml
G a l a c t o s e  20% 1 ml
T h ia m in e  1 mg/m l 0 . 5  ml
C h l o r a t e  Agar
B a c t o  N u t r i e n t  b r o t h  8 g
O x o id  A gar No. 3 12  g
a f t e r  a u t o c l a v i n g : -
G l u c o s e  20% 10 ml
NaC103 20% 10 ml
E o s i n - M e t h y l e n e  B l u e - G a l a c t o s e  Agar  
B a c t o - T r y p t o n e  10  g
B a c t o - Y e a s t  E x t r a c t  1 g
NaCl 5 g
KH PO 2 g
W a te r  9 3 0  ml
a f t e r  a u t o c l a v i n g : -
E o s i n  Y e l l o w  4% 10 ml
M e t h y le n e  B lu e  0 . 6  5% 10 ml
G a l a c t o s e  20% 50 ml
TB B r o t h
B a c t o - T r y p t o n e  10  g
NaCl 5 g
W a te r  990 ml
a f t e r  a u t o c l a v i n g : -
1M MgS04 10 ml
f o r  TB ' t o p '  a g a r  add 0.8% A gar  No. 3 
f o r  TB ' p l a t e '  a g a r  add 1.2% A gar  No. 3
A - D i l
1M T r i s . C l  [pH 7 . 5 ]  5 ml
NaCl 580 mg
MgSO .7H  O 200 mg
G e l a t i n  2% 0 . 5  ml
W a te r  t o  1 0 0  ml
LB B r o t h
B a c t o - T r y p t o n e  10  g
B a c t o - Y e a s t  E x t r a c t  5 g
NaCl 10 g
W a ter  t o  1  l i t r e
f o r  p l a t e s ,  add 1.2% A gar  No. 3
YENB Medium 
B a c t o - N u t r i e n t  Agar  
B a c t o - Y e a s t  E x t r a c t  
W a ter  t o
L-CAP Medium 
B a c t  o - T r y p t o n e  
B a c t o - Y e a s t  E x t r a c t  
NaCl 
W a ter
a f t e r  a u t o c l a v i n g : -  
G lu c o s e  40%
C h l o r a m p h e n ic o l  2 mg/m l
L y s o g e n  B r o t h
B a c t o - T r y p t o n e
B a c t o - Y e a s t  E x t r a c t
NaCl
W a ter
a f t e r  a u t o c l a v i n g : -
1M MgSO.4
R Medium 
B a c t o - T r y p t o n e  
B a c t o - Y e a s t  E x t r a c t  
NaCl
O x o id  A gar No. 3 
W ater  t o
a f t e r  a u t o c l a v i n g : -
1M CaCl2 2 ml
G a l a c t o s e  20% 5 ml
F -T o p  Agar
NaCl 8 g
O x o id  A gar No. 3 8 g
W a ter  t o  1 l i t r e
23 g 
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Fig. A3.1. Growth curves for AB2480 (A), AS44 (O), DY326 (□) 
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OPTICAL DENSITY at 470 nm
Fig. A3.2. Calibration plot of viable count versus 0D4y0 f°r
o
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Fig. A3.3. Calibration plot of 0D,_,_ versus number of moles —  ------  510
2 +Fe ion for potassium ferrioxalate actinometry.
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ACETOPHENONE CONCENTRATION (%v/v)
Fig. A3.4. Calibration curve to determine Morowitz 
correction factor for acetophenone at 313 nm (after Morowitz, 
1950). (a = 0.017, b = 5.556, r = 0.997)
APPENDIX 4
T a b le  A 4 .1  DATA PERTAINING TO THE SURVIVAL CURVES
OBTAINED WHEN AB1886 WAS IRRADIATED AT 
254 nm (FIG. 2 . 1 ,  TABLE 2 . 1 )
EXPT INITIAL VIABLE FLUENCE FLUENCE SURVIVING
No. COUNT (m l’  ) RATE Wm Jin FRACTION
la 2 . 3 2 x 1 0 0 . 0 6 8
l b 2 . 6 2 x 1 0 0 . 0 6  8
l c 2 . 4 0 x 1 0 0 . 0 6 8
3 . 0 6 6 . 4 7 x 1 0  :
6 .1 1 1 . 8 5 x 1 0 ’ ;
9 .1 7 4 . 3 2 x 1 0 ” ;
12.22 8.2  8x 10” ;
1 5 . 2 8 2 .3 4 x 1 0 " '
1 8 .3 3 5 . 20x 1 o"
2 1 . 3 9 2 . 21x l o " ‘
2 4 . 4 4 6 .1 8 x 1 0 "
3 . 0 6 6 . 0 6 x 1 0 "
6 .1 1 1 .6 3 x 1 0 " ;
9 . 1 7 4 .3 0 x 1 0 " :
12.22 9 .0 5 x 1 0 " ;
1 5 . 2  8 3 . 0 0 x 1 0 "
1 8 .3 3 6 . 0 5 x 1 0 "
2 1 . 3 9 2 .1 3 x 1 0 "
2 4 . 4 4 5 . 5 8 x 1 0 "
3 . 0 6 6 . 86x 10"
6 .1 1 2 . 11x10"
9 . 1 7 5 .7 6 x 1 0 "
12 .22 1 . 02x 10"
1 5 . 2 8 3 .0 8 x 1 0 "
1 8 .3 3 7 .5 2 x 1 0 "
2 1 . 3 9 3 .  O l x l  0"
2 4 . 4 4 7 .2 3 x 1 0 "
- 1
T a b l e  A 4 .2  DATA PERTAINING TO THE SURVIVOR CURVES
OBTAINED WHEN SA2Q6 WAS INACTIVATED AT 











7 - 12 a 1 . 8 1 x 1 0 0 .0 5 3 3 . 2 0 5 . 8 5 x 1 0  x
6 . 4 0 1 . 2 9 x 1 0
9 . 6 1 3 . 9 1 x 1 0 ” ^
1 2 . 8 1 8 .1 5 x 1 0 " ;:
1 6 . 0 0 1 . 8 7 x 1 O- ^
1 9 . 2 1 6 . 00x1o” ^
2 2 . 4 1 1 . 2 7 x 1 0
7 - 12b 1 . 6 4 x 1 0 0 .0 5 3 3 . 2 0 6 . 1 4 x 1 0  |
6 . 4 0 1 . 4 1 x 1 0 “ *
9 . 6 1 4 . 1 9 x 1 0 “ ;:
1 2 . 8 1 8 . 66x10” ^
1 6 . 0 0 1 . 9 4 x 1 0 ” ^
1 9 . 2 1 5 . 7 3 x l 0 “ *
2 2 . 4 1 1 . 4  9 x 1 0
7 - 12c 1 . 3 9 x 1 0 0 .0 5 3 3 . 2 0 7 . 4 1 x 1 0  *
6 . 4 0 2 . 00x10
9 . 6 1 4 . 6 7 x l O _ 2
1 2 . 8 1 1 . 3 0 x l 0 - ^
1 6 . 0 0 2 . 6 1 x 1 0
1 9 . 2 1 7 . 7 7 x 1 0 “ *
2 2 . 4 1 1 . 9 9 x 1 0
T a b le  A 4 .3  DATA PERTAINING TO THE SURVIVOR CURVES
OBTAINED WHEN DY314 WAS INACTIVATED AT 
254 nm ( FIG* 2 . 2 ,  TABLE 2 . 1 )
EXPT INITIAL VIABLE FLUENCE FLUENCE SURVIVING
No. COUNT (m l” ) RATE Wm Jm FRACTION
3 a 8 . 2x 10 0 . 0 5 3
3b 8 . 9 x 1 0 0 .0 5 3
3 c 7 . 8x 10 0 .0 5 3
3 . 2 0 8 . 6 5 x 1 0  :
6 . 4 0 1 . 4 4 x 1 0 ” ;
9 . 6 1 2 . 3 2 x 1 0 ” ;
1 2 . 8 1 4 . 5 7 x 1 0 ” ;
1 6 . 0 0 1 . 4 3 x 1 0 ” '
1 9 . 2 1 3 .4 7 x 1  o”
2 2 . 4 1 1 . 11x 10” '
3 . 2 0 7 . 7  0 x 1 0 ” :
6 . 4 0 7 . 5  6 x 1 0” ;
9 . 6 1 1 . 9 8 x 1 0 ” ;
1 2 . 8 1 5 .1 3 x 1 0 " ;
1 6 . 0 0 1 . 3 4 x 1 0 "
1 9 . 2 1 5 . 2 4 x 1 0 "
2 2 . 4 1 1 .9 2 x 1 0 "
3 . 2 0 8 . 68x 1O”
6 . 4 0 1 . 6 5 x 1 0 "
9 . 6 1 2 . 00x 10”
1 2 . 8 1 5 . 7  9x10"
1 6 . 0 0 2 . 4 3 x 1 0"
1 9 . 2 1 6 .3 0 x 1 0 "
2 2 . 4 1 1 . 9 5 x 1 0 "
- 1
T a b le  A 4 .4  DATA PERTAINING TO THE SURVIVOR CURVES
OBTAINED WHEN AS45 WAS INACTIVATED AT
254  ran (FIG. 2 . 2 ,  TABLE 2 . 1 )
EXPT INITIAL VIABLE FLUENCE FLUENCE SURVIVING
No. COUNT ( ml ) RATE Wm” Jm FRACTION
4 a 1 . 6 4 x l 0 7 0 . 0 5 3 3 . 2 0 7 . 9 7 x 1 0 “ *
6 . 4 0 1 . 9 9 x 1 0  ^
9 . 6 1 4 . 1 2 x 1 0~^
1 2 . 8 1 8 . 5 6 x 1 o” ^
1 6 . 0 0 2 . 5 4 x 1 0 “ ^
1 9 . 2 1 6.2  8x 10“ *
2 2 . 4 1 1 . 4 5 x 1 0
7 -1
4b 1 . 7 3 x 1 0 0 . 0 5 3 3 . 2 0 7 . 2 5 x 1 0  “■
6 . 4 0 1 . 9 9 x l O _ 2
9 . 6 1 3 . 8 2 x 1 0 “ ^
12 . 8 1 8 .52x10*"^
1 6 . 0 0 2 . 9 OxlO"^
1 9 . 2 1 6 . 88x 10“ *
2 2 . 4 1 1 . 5 7 x 1 0
7 -14 c  1 . 8 9 x 1 0 0 . 0 5 3 3 . 2 0 6 . 10x 10  *
6 . 4 0 1 . 9 1 x 1 0  ^
9 . 6 1 4 .3 1 x 1 0 " ^
1 2 . 8 1 9 . 4 0 x 1 0 “ :?
1 6 . 0 0 2 . 4 7 x 1 0 “ ^
1 9 . 2 1 6 . 3  2x lO ~*
2 2 . 4 1 1 . 5 1 x 1 0 “
T a b le  A 4 .5  DATA PERTAINING TO THE SURVIVAL CUFVES
CBTAINED WHEN AB1885  WAS IRRADIATED AT
254  nm (FIG. 2 . 3 .  TABLE 2 . 1 )
EXPT INITIAL VIABLE FLUENCE 





5 a  2 . 4 6 x l 0 7 0 . 0 6 8 3 . 0 6
6 .1 1
5 . 9 5 x l 0 ” * 
2 . 0 3 x 1 0
9 . 1 7 4 . 3 4 x 1 o ” ^
12.22 8 . 9 4 x 1 0~^
1 5 . 2 8 2 .8 4 x 1 0 " ^
1 8 .3 3 7 .35x10"]}
2 1 . 3 9 2 . 4 5 x 1 o” *
2 4 .4 4 7 . 3 6 x 1 0 ”
5b 2 . 3 1 x 1 07 0 . 0 6 8 3 . 0 6 6 . 7 4 x 1 0 ” ^
6 .1 1 2 . 0 3 x 1 0  ^
9 .1 7 5 . 6 7 x 1 0 ” ^
12.22 9 . 5 5 x 1 0 ” ^
1 5 . 2 8 3 . 3 3 x 1 0 ” ^
1 8 .3 3 7 . 9 l x l o " *
2 1 . 3 9 3 . 0 6 x l o ” ]l
2 4 .4 4 8 . 7 7 x 1 0
5 c  2 . 6 0 x l 0 7 0 . 0 6 8 3 . 0 6 6 .6 5 x 1 0 " ^
6 .11 1 . 9 9 x 1 0  ^
9 . 1 7 4 .7 6 x 1 0 " ^
12.22 9 . 5 9 x 1 o” ^
1 5 . 2  8 2 . 88x 1 o"^
1 8 .3 3 6 . 5 7 x l O ~ *
2 1 . 3 9 3 .4 6 x lO ~ *
2 4 . 4 4 8 .0 9 x 1 0 "
T a b l e  A4 .6  DATA PERTAINING TO THE SURVIVOR CURVES
CB TAINED WHEN AB1884 WAS IRRADIATED AT
254  nm (FIG. 2 . 3 ,  TABLE 2 . 1 )
EXPT
No.
INITIAL VIABLE FLUENCE FLUENCE 
COUNT (ml ) RATE Wm" Jin
SURVIVING
FRACTION
6 a 1 . 0 8 x l 0 7 0 . 0 6  3 3 . 8 5 7 .0 5 x 1 0 " ^
5 . 7 0 2 . 22x10
8 . 5 5 8 . 2 5 x 1 0
1 1 . 3 9 1 .4 9 x 1 0 " ^
1 4 .2 4 5 . 0 2 x 1 0 ” ^
1 7 .0 9 8 . 8 0 x 1 0 “ *
1 9 .9 4 2 .7 1 x 1 0 " *
2 2 . 7 9 8 .0 9 x 1 0 " ; !
2 5 . 6 4 2 . 5 9 x 1 0
6b 1 . 2 0 x l 0 7 0 . 0 6  3 2 . 8 5 6 . 87x10"?"
5 . 7 0 2 . 7 4 x 1 0
8 . 5 5 8 .4 5 x 1 0 " ^
1 1 . 3 9 1 .6 3 x 1 0 " ^
1 4 .2 4 5 . 2  l x l  0"^
1 7 .0 9 1 .3 0 x 1 0 " ^
1 9 .9 4 3 . 4 9 x 1 o"*
2 2 . 7 9 1 .0 4 x 1 0 " *
2 5 . 6 4 2 . 9 9 x 1 0 "
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T a b l e  A4.7  DATA PERTAINING TO THE PHOTOREACTIVATION OF A B 1886 ,  
AB1885 AND AB1884 (FIG S. 2 . 4 , 6 - 7 )
PR TIME AB1886 AB1885 AB1884
(m in )  —  -------------------------      — ----------------------------
/ S o  ( 1 - P )  / S o  ( 1 - P )  / S o  ( 1 - P )
0 2 . 22x 10’ * 
9 . 5 0 x 1  o ’ ^
2 . 7 0 x 1 0 ’ !?
1 . 10x 10” ^
4 x 1 0
2 . 3 9 x 1 0 ’ ;:2 . 5 0 . 7 9 0 . 7 6 0 . 7 3
5 2 . 6 3 x 1 0 0 . 6 4 4 . 6 9 x 1 0 ’ ^ 0 . 5 5 2 . 8 7 x 1 0 ’ ;: 0 . 7 1
7 . 5 3 .6  Oxl o” ^ 0 . 5 9 9 . 5 8 x 1 0 0 .4 3 5 . 7 4 x 1 o” ^ 0 . 6 0
10 6 .9  8 x 1 0  2 0 . 5 0 1 . 3 8 x 1 0 ’ ^ 0 . 3 2 8 .6 0 x 1  o ’ ^ 0 . 5 4
15 1 . 6 5 x 1 O’ 0 . 2 9 1 . 9 1 x 1 0 0 . 1 8 1 . 9 5 x 1 0 ’ ^ 0 . 4 2
17 —2 - — 2 - 3 .9 6 x 1 0 " ^ 0 . 3 220 2 . 9 3 x 1 0 0 . 2 5 4 . 5 4 x 1 0 0 .1 7 6 . 7 4 x 1 0 0 . 2 4
25 3 . 8 0 x 1 0 0.22 4 .9  O x lo” ^ 0 . 1 3 9 . 6 4 x 1 0 ’ ^ 0 . 1 8
3 0 4 . 9 4 x 1 0 ’ 0 . 1 8 6 . 5 0 x 1 0 0 . 0 9 1 . 2 5 x 1 0 ’ “- 0 .1 4
4 0 6 . 4 2 x 1 o’ 0 . 1 4 8 . 3 2 x 1 0 0 .0 6 1 . 5 2 x 1 0 ’ “- 0.12
5 0 8 . 4 9 x 1 O’ 0 .1 0 9 . 8 1 x 1 0 0 . 0 5 2 . 3 1 x 1 0 ” ?" 0 . 0 5
6 0 1 . 10x 10~^ 0 . 0 7 9 . 9  x i o ” ^ 0 . 0 5 2 . 7  2 x 1 0 ” “- 0 . 0 3
8 0 1 . 3 2 x 1 O’ 0 . 0 3 1.2  8x 1 o’^ 0.02 3 . 2  x lO - “- -
100 1 .8  O xl O’ - 1 . 4 5 x 1 0 ’ ?' 3 . 4  xio"?- -
120 2 . 1 7 x 1  O’ - 1 . 4 4 x 1 0 ’ 3 . 3  x i o ” -
TABLE A 4 .8  DATA PERTAINING TO THE PHOTOREACTIVATION OF 
SA2Q6 AND SA446 (F IG S . 2 . 5  AND 2 . 8 )
PR TIME SA206 SA446
( m in )
S q
/ S o ( 1 - P ) / S o ( 1 - P )
0 2 . 1 9 x 1 O’ 4 6 . 9 2 x 1 o"^ 
9 . 2 3 x l 0 ” 42 “ - 4 - 0.66
4 3 . 0 5 x 1 0 0 . 9 4 4 .3 4 x 1 0 " ; : 0 . 4 6
6 4 . 4  0 x 1 0 0.88 9 . 02x 10 0 . 3 7
8 - 1 . 5 7 x l o ” 0 . 2 9
10 6 . 20x10 0 . 8 2 -
15 1 . 10x 10  3 0 . 7 3 5 . 5 1 x 1 0 0 . 1 3
20 2 . 2 6 x 1 0  ^ 0 . 6 1 6 . 7 0 x 1 0 “ ^ 0 .1 0
3 0 4 . 0 8 x 1 0  :: 0 . 5 1 1 . 10x 10"* 0 . 0 4
4 0 7 . 4 3 x 1 0 ' 0 . 4 1 1 .  0 4 x 1 0 " ”' 0 . 0 5
5 0 1 . 5 6 x 1 0 0.2  8 1 . 2 6 x 1 0 “ ^ 0.02
6 0 - 1 .3 0 x 1 0 " 0.02
75 5 . 1 0 x 1 0 0 . 0 8 - -
8 0
— 2
- 1 .4 2 x 1 0 " -
100 6 . 5 0 x 1 0 0 . 0 4 1 . 4 9 x l o ’ l' -
120 8 . 00x 10 1 . 4 0 x 1 0
TABLE A 4 .9  DATA PERTAINING TO PHOTOREACTIVATION OF 
DY314 AND AS45 (F IG . 2 . 9 )
PR TIME 
( m in )
DY314 AS45
S/ S o ( 1 - P ) S/ S o ( 1 - P )
0 1 . 3 3 x l 0 "4 4 .6 0 X 1 0 “ 4
3 0 1 . 6 5 x l o " 4 0 . 9 7 0 3 . 4 OxlO”4
6 0 1 . 6 3 x l 0 ” 4 0 . 9 7  0 4 . 7 l x l O "4 0 . 9 8
9 0 1 .8  Oxl 0“ 0 . 9 5 5 4 . 6 9 x 1 o” 4 0 . 9 9
120 1 . 8 0 x 1  o "4 0 . 9 5 5 5 . O lx lO ”4 0 . 9 7
1 5 0 1 . 9 0 x l o " 4 0 . 9 7 4 . 6 3 x l O - 4 1 .0 0
1 8 0 2 . 4 9 x 1 0 0 .9 0 7 4 . 4 1 x 1 0 -
T a b l e  A 4 .1 0  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED
WHEN AB24 8Q WAS IRRADIATED AT 254  m i,  THE IN ACT I -  
V AT ION PARAMETERS OF WHICH ARE GIVEN IN TABLE 3 . 1
EXPT





0 .  059 5 . 4  5 x 1 0":
0 . 1 1 9 1 . 9 3 x 1 0  ;
0 . 1 7  9 4 . 5  8 x 1 0  ;
0 . 2 3 8 1 . 5 0 x 1 0  :
0 . 2 9 8 4 . 6 0 x 1 0  ;
0 . 3 5 8 1 . 5 2 x 1 0
0 .4 1 7 4 . 9 0 x 1 0
0 . 4 7  8 1 . 4 5 x 1 0
0 . 0 6 7 4 . 9 2 x 1 O”
0 . 1 3 5 1 . 5 2 x 1 0
0.202 4 . 6  2 x 1 0
0 . 2 6  9 1 . 0 9 x 1 0
0 . 3 3 6 4 . 1 3 x 1 0
0 .4 0 3 1 . 0 9 x 1 0
0 . 4 7 1 2 . 7 7 x 1 0
0 . 5 3 7 1 . 00x 10
0 . 0 6 0 4 . 8 8 x 1 O”
0 . 1 1 9 1.6  8x 10
0 . 1 8 0 5 . 9 4 x 1 0
0 . 2 3 9 1 . 7 3 x 1 0
0 . 3 0 0 5 . 5 7 x 1 0
0 . 3 6 0 1 . 5 9 x 1 0
0 . 4 2 0 4 . 1 0 x 1 0
0 . 4 7 9 1 . 4 2 x 1 0
0 . 1 3 6 1 . 3  2 x 1 0 “
0 . 2 7 3 9 . 5 9 x 1 0
0 . 4 0 8 6 . 6 3 x 1 0
0 . 5 3 9 6 . 6 5 x 1 0
0 . 1 2 9 1 . 9 0 x 1 0~
0 . 2 5 8 1 . 9 0 x 1 0
0 . 3  87 2 . 00x10
0 . 1 3 1 1 . 5  9 x 1 o”*
0 . 2 6 2 1 . 7 1 x 1 0
0 . 3 9 2 1 . 5 5 x 1 0
0 . 1 3  2 1 . 66x lO _
0 . 2 6 3 1 . 8 4 x 1 0
0 . 3 9 6 1 . 9 9 x 1 0
0 . 0 7  8 2.95x10*"
0 . 2 3 4 2 . 6 0 x 1 0
0 . 3  89 1 . 4 5 x 1 0
0 . 5 4 5 7 . 8 4 x 1 0
10a 1 . 6 1 x 1 0
10b 1 . 5 1 x 1 0
10c 1 . 7 1 x 1 0





1 . 86x 10
1 . 5 6 x 1 0
1 . 2 6 x 1 0
7 . 5 7 x 1 0
-6
O. 07 56
0 . 0 9 6 6
0 . 0 7  56
0 . 0 9 6  9
0 .  0 9 7 0
0 . 0 9 7 1
0 . 0 9 7 1
0 . 0 6  3 0
T a b le  A 4 . l l  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED
WHEN AS44 WAS IRRADIATED AT 254 nm, THE INACTI­
VATION PARAMETERS OF WHICH ARE GIVEN IN TABLE 3 . 1
EXPT INITIAL VIABLE 254 nm FLUENCE FLUENCE SURVIVING 
No. COUNT (m l” ) RATE (Wm ) (Jm ) FRACTION
11a 7 . 8x 10
l i b 8 . 2x 10
11c 5 . 7 x 1 0
l i d 6 . 7 x 1 0




8 . 6x 10
8 . 7 x 1 0
6 .7 x 1 0
0 . 0 9 6 9 0 . 0 6 6 3 . 3 4 x 1 0  :
0 . 1 3 3 1 . 0 5 x 1 0  :
0 . 1 9 7 3 . 0 4 x 1 0 ”
0 . 2 6 5 3 . 0 4 x 1 0 ” :
0 . 3 3 2 6 . 6 7 x 1 O”
0 . 3 9 9 5 . 8 5 x 1  o”
0 . 4 6 6 1 .5 3 x l o ” '
0 . 5 3 3 4 . 3  2x1 o”
0 . 0 5 4 0 . 0 7 1 2 . 9 9 x 1 0 ”
0 . 1 4 3 8 . 66x 10
0 . 2 1 6 2 . 4 0 x 1 0 ”
0 . 2 8 8 6 .7 l x i  o” :
0 . 3 6 0 1 . 2 5 x 1 o”
0 . 4 3 1 3 . 4 l x l 0”
0 . 5 0 2 1 . 0 4 x 1  o”
0 .  054 0 . 0 7 3 2 . l x i o ”
0 . 1 4 5 7 . 7 2 x 1 0
0 . 2 1 9 1 . 8 4 x 1  o”
0 . 2 9 0 3 . 6 0 x 1 0 ”
0 . 3 6 2 9 . 3 0 x 1 0
0 . 4 3 4 2 . 6 7 x 1 0 ”
0 . 5 0 6 7 . 9 x 1 0 ”
0 .0 6 4 6 0 . 0 7  9 2 . 3 9 x 1 0”
0 . 2 3 9 1 . 5 2 x 1 0
0 . 4 0 0 7 . 0 6 x 1 0 ”
0 . 4  80 1 . 6 5 x 1 0“
0 . 0 7 6 0 0 . 0 6 7 3 . 1 8 x 1 0
0 .2 0 0 2 . 2 7 x 1 0
0 . 3 3 4 1 . 8 9 x 1 0 ”
0 . 4 6 8 1 . 3 3 x 1 0 ”
0 .0 9 7  2 0 .1 3 5 8 . 8 0 x 1 0
0 . 2 7 1 7 . 4 0 x 1 0
0 . 4 0 6 4 . 9 0 x 1 0 ”
0 .0 5 6 0 . 1 3 0 1 . 21x10"
0 . 2 6 0 8 . 0 8 x 1 0
0 . 3 8 8 7 . 5 l x l o”
0 .0 5 6 0 . 1 3 1 1 . 0 5 x 1  o”
0 . 2 6 3 6 . 6 2 x 1 0
0 . 3 9 4 4 . 0 3 x 1 0
- 1
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T a b l e  A 4 .1 2  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED
WHEN DY326 WAS IRRADIATED AT 254  ran. THE INACTI—




COUNT (m l )






7 - 11 2 a 1 . 6 2 x 1 0 0 . 0 7 6 0 0 . 0 7  2 3 . 9 4 x 1 0  *
0 . 1 4 3 1 . 01x10  ^
0 . 2 1 4 2 . 7 0 x 1 0
0 . 2 8 6 6 . 6  8 x 1 0 ” ;:
0 .3 5 7 1 . 5 6 x 1 0
0 . 4 2 9 4 . 4 9 x 1 o ” *
0 . 5 0 0 9 . 8 3 x 1 0
7 - 112b 1 . 5 0 x 1 0 0 . 0 7 6 0 0 . 0 7 1 4 . 6 1 x 1 0
0 . 1 4 2 1 . 3 2 x 1 0
0 . 2 1 3 4 . 5 4 x 1 0  ^
0 . 2 8 4 7 . 0 6 x 1 0  ^
0 . 3 5 4 1 . 7  8x1 o ” ^
0 . 4 2 5 5 . 5  2 x 1 0  ^
0 . 4 2 5 5 . 5 2 x l o ” *
0 .4 9 6 1 . 3 l x l 0
7 - 1
1 2 c 1 . 4 9 x 1 0 0 . 0 7  6 0 0 . 0 6  8 3 . 9 0 x 1 0  *
0 . 1 3 7 1 . 4 0 x1 0 _ 2
0 . 2 0 6 8 . 8 6 x 1 0 ” ^
0 . 2 7 4 l . l l x i o ” ^
0 . 3 4 3 2 . 1 0 x 1 o” ^
0 . 4 1 1 7 . 4 5 x l 0 ” ]J
0 . 4  80 2 . 0 7 x 1 0
6 - 1
12d 5 . 4 x 1 0 0 .0 7 6 0 . 0 7 3 3 . 0 2 x 1 0  ^
0 . 1 4 5 9 . O lx io”^
0 . 2 1 8 1 . 7 9 x l o " ^
0 . 2 9 0 5 . 4  9 x 1 0 “ ^
0 . 3 6 3 1 .4 1 x lO ~ ^
0 . 4 3 6 4 . 3 2 x l O ~ *
0 . 5 0 9 9 . 2 6 x 1 0
c o n t ' d . .
T a b l e  A 4.1 2  ( c o n t 'd )
EXPT INITIAL VIABLE 254 nm FLUENCE FLUENCE SURVIVING 
No. COUNT (ml ) RATE (Wm ) (Jm’  ) FRACTION
1 2 e 1 . 3 0 x 1 0 0 . 0 7  5
1 2 f 2 . 0 5 x 1 0 0 . 0 8 2
1 2 g 7 . 3 3 x 1 0 0 .0 6 7
1 2 h  1 . 7 3 x 1 0 0 .0 7 6
0 . 0 6  8 3 . 6 6 x 1 0  ;
0 . 1 3 6 8 . 4  9x1  O'!
0 . 2 0 5 2 . 1 7 x 1 0 ” ;
0 .  27 2 5 . 6  o x i  o";
0 . 3 4 0 1 . 8 1 x l O _ ’
0 . 4 0 8 4 . 5 0 x 1 0  |
0 . 4 7 6 8 . 9 5 x 1 o ’
0 .1 4 7 9 . 9 6 x 1  o ’
0 . 2 9 3 6 . 3  5 x 1 0  ]
0 . 4 3 7 4 . 1 0 x 1  o ” '
0 . 5 8 3 3 .06x10**
0 . 0 6 4 4 . 6  8x10**!
0 . 1 2 7 1 . 6 1 x 1 0  ;
0 . 1 9 0 4 . 0 9 x 1  O’ ;
0 . 2 5 2 l . l O x l o ’ ;
0 . 3 1 5 2 . 91x 10  :
0 . 3 7 7 1 . 0 1 x 1  O’ '
0 . 4 4 0 3 . 0 0 x 1 o’
0 . 6 7 5 3 . 9 3 x l o “
0 . 1 3 6 1 . 2 0 x 1 0
0 . 2 0 3 3 . 0 4 x 1 0 ’
0 . 2 7 2 7 . 4  Oxl o ’ :
0 . 3 3 9 2 . 3 OxlO”
0 . 4 0 8 5 . 1 0 x 1 O’
0 . 4 7 6 1 . 0 8 x 1 0
- 1
T a b l e  A 4 .1 3  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED 
WHEN AS46 WAS IRRADIATED AT 254 nm, THE INACTI­
VATION PARAMETERS OF WHICH ARE GIVEN IN TABLE 3 . 1
EXPT INITIAL VIABLE 
No. COUNT (ml" )
2 5 4  nm FLUENCE FLUENCE 
RATE (Wm" ) (Jm )
SURVIVING
FRACTION
13 a 2 . 9 5 x 1 0
13b 6 . 2 3 x 1 0
1 3 c 8 . 8 3 x 1 0
13d 8 . 7 7 x 1 0
13 e 6 . 5 7 x 1 0
13 f 8 . 5 7 x 1 0
1 3 g 9 . 1 0 x 1 0
13 h 3 .1 3 x 1 0
0 . 0 6 1 0 . 0 8 0 1 . 9 0 x 1 0  ;
0 . 1 6 2 5 . 8 6 x 1 0  I
0 . 2 4 2 1 .0 7 x 1 0 " :
0 . 3 2 4 2 . 2 4 x 1 0~
0 .4 0 4 2 . 9 3 x l O _ ‘
0 . 4  85 1 .  08 x 1  o"'
0 . 5 6  5 3 . 6 2 x 1 o"
0 .0 6 0 3 0 . 0 7 4 4 . 3 3 x 1 0":
0 .1 5 3 8 . 9  8 x 1 0  ;
0 . 2 2 8 2 . 2 9 x 1 0  !
0 .3 0 3 5 . 8  8 x 1 0";
0 .3 7 6 1 . 6 4 x 1 0
0 . 4 5 0 4 . 6 0 x 1 0
0 . 5 2 5 8.66xlo"
0 . 0 5 7 0 0 . 1 3 4 9 . 7 x 1 0 "
0 .2 6 7 9 . 1 0 x l 0 _
0 . 4 0 2 6 . 8 7 x 1 0
0 . 5 3 5 5 .7 4 x 1 0 "
0 . 0 6 5 0 . 1 4 0 1 . 0 1 x 1 0 "
0 . 2  81 7 . 2 x 1 0
0 .4 2 3 4 . 4 l x l 0"
0 . 5 6  5 4 . 0 3 x 1 0
0 . 0 6  5 0 . 142 1 . 0 1 x 1 0 ”
0 .2 8 4 7 . 5 6 x 1 0
0 .4 2 7 5 . 2 3 x 1 0 "
0 .5 6  8 4 . 2 6 x 1 0 "
0 . 0 6 0 0 . 1 2 9 1 . 2 3 x 1 o”
0 . 2 6 1 1 . 0 0 x 1 0
0 .3 9 4 8 . 5 2 x 1 0
0 .5 2 7 8 . 7  2x10"
0 .0 6 4 6 0 . 1 4 1 1 . 0 9 x 1  o”
0 .2 8 4 8 . 3 2 x 1 0
0 .4 2 6 6 . 9 6 x 1 0
0 . 5 6  9 4 . 6 9 x 1 0 "
0 . 0 6 0 0 . 1 3 0 1 . 29 x lO ~
0 . 2 6 2 1 . 1 5 x 1 0
0 .3 9 3 9 . 3 6 x 1 O”
0 . 5 2 8 8 . 0 8 x 1 0
- 1
T a b l e  A 4 .1 4  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED
WHEN AB24 8Q WAS IRRADIATED WITH 254  ran AND AFTER 
A SINGLE PHOTOREACTIVATING FLASH, THE DATA ARE 
SHOWN IN FIG. 3 . 6  (PANEL A)
EXPT INITIAL VIABLE FLUENCE
N o. COUNT (m l” ) (Jm’  )
SURVIVING FRACTION 
254 nm FLASH
14 a 8 . 6 x 1 0 0 . 0 7 9
0 . 1 5 9
4 . 5 3 x 1 0 - 1
1 . 1 3 x 1 0
-1
9 . 4 9 x 1 0 - 1
6 . 8 6 x 1 0 - 1
14b 7 . 5 7 x 1 0
0 .2 3 7 2 .8 7 x 1 0  2 3 .0 6 X 1 0 ” 1
0 .3 1 5 7 . 0 5 x 1 O’ 3 2 . 0 3 x l 0 _1
0 .3  94 1 . 5 7 x l o ”3 8 .0 2 x 1 o” 2
0 .4 7 3 3 . 4 9 x 1 O” 4 4 . 9 6 x l o ” 2
0 .5 5 2 8 . 6 OxlO” 5 2 .1 9 x 1 O” 2
0 .0 7  8 2 . 9 5 x 1 O’ 1 6 . 0 4 x 1 O’ 1
0 .1 5 6 0 . 0 5 x 1 O’ 1 4 .4 5 x 1 O” 1
0 .2 3 4 2 . 6 0 x l 0 ” 2 2 .5 0 X 1 0 ” 1
0 . 3 1 0 4 . 4 5 x 1 O’ 3 1 .3 0 X 1 0 ” 1
0 . 3  89 1 . 4 5 x 1 o” 3 7 . 3 0 x 1 o’ 2
0 .4 6 8 3 . 4 8 x 1 O’ 4 3 . 7 9 x 1 O” 2
0 .5 4 5 7 . 8 4 x 1 O” 5 1 . 7 0 x l o ” 2
T a b l e  A 4 .1 5  DATA PERTAINING TO THE SURVIVOR CURVES WHEN AS44
WAS IRRADIATED WITH 254  ran UV AND AFTER A SINGLE 
PHOTOREACTIVATING FLASH, THE DATA ARE SHOWN IN 











1 5 a 6 . 7 x l 0 6 0 . 0 7  9 2 . 3 9 x 1 O” 1 4 .1 3 x l O _1
0 . 1 6 0 7 . 1 6 x 1 O” 2 1 . 4 2 x l O _1
0 . 2 3 9 1 . 5 2 x 1 o ” 2 5 . 1 7 x l o ” 2
0 . 3  2 0 3 . 3 8 x 1 o” 3 1 . 1 9 x 1 o” 2
0 . 4 0 0 7 . 0 6 x 1 0” 4 3 . 8 3 x lO ~ 3
0 . 4  80 1 . 6 5 x 1 0 ~ 4 1 . 1 5 x l 0 ” 3
0 . 5 5 9 3 . 8 3 x 1 0” 5 3 . 6 3 x 1 0 _4
15b 1 . 5 8 x 1 0 0 .0 6  9 3 .5 6 x 1 O”1 -
0 .1 3  9 9 .5  9x10-2 2.1X 10” 1
0 .2 1 0 1 .6  5 x l0 ” 2 8 .5 2 x 1 o” 2
0 .2 7  8 5 .3 6 x 1 O”3 2 .3 3 x 1 O” 2
0 .347 1 .4  9 x lo ”3 6 .1 9 x 1 o”3
0 .417 3 .2 7 x 1 O’ 4 2 .3  5x1 o”3
0 .4  86 9 .4 9 x 1 0“ 5 7 . 2 lx lO ” 4
T a b l e  A 4 .1 6  DATA PERTAINING TO PHOTO RE ACT IV AT ING FLUENCE RATE PLOTS FOR AB248Q SHOWN IN FIG . 3 .7 A
PR TIME 16  a 0 . 2  8 Wm’ 2 16b 1 . 1  Win"2 1 6 c  2 . 1 9  Wm’ 2 1 6 d 4 . 5 5  Wm” 2 1 6 e 9 . 1 6  Wm 2 1 6 f  1 7 . 7 6  Wm"
( m in ) S/ S o  1 - P S/ S o  1 - P S/ S o  1 - P S/ S o  1 - P S/ S o  1 - P S / S o  1 - P
0 2 . 0 1 x 1 0 ’ * — 1 . 4 4 x l o ’ * 1 . 8 7 x 1 O’ * 1 .9 7 x 1  o ’ !? 2 . 8  2x1  O’ !? 2 . 0 x 1 0 ” *
FLASH 2 . 5 x 1 0 T 7o 1 . 4 OxlO’ 1 . 0 3 . 5 x l 0 " 3 1 . 0 3 . O x lo ’ 3 1 . 0 4 x l o ’ 3 1 . 0 4 .9 x l0 " ! ? 1 . 0
0 . 2 5 _ 1 . 4 1 x l o " 2 0 . 7 0 1 . 3 2 x 1  o ’ 3 0 . 8 5 5 . 0 2 x 1 o’ 0 . 4 1 6 . 5 x 1 O’ 3 0 . 9 3
0 . 5 1 . 9 7 x lO ~ 2 0 . 6 3 9 . 6 6 x l o " 3 0 . 7 4 1 . 6 x 1 O’ 2 0 . 7
0 . 7 5 - - —2
- 2 . 2 8 x 1 0 0 . 5 9 2 . 7 4 x 1 O’ 0 . 5 1 9 . 5 9 x 1 O’ 2 0 . 2 6 2 . 4 x 1 o ’ 0 . 6
1 . 0 — — 1 . 8 7 x 1 0 0 . 5 1 _ — — _ — — — -
1 . 5 — — 3 . 1 2 x 1 O"2 0 . 5 2 8 . 6 5 x 1 O’ 2 0 .2 6 1 . 2 9 x 1 O’ 0 . 1 9 4 . OxlO’ 2 0 . 4 8
2 . 0 5 . 3 3 x 1 O"3 0 . 8 4 2 . 5 5 x 1 O’ 2 0 . 4 5 _ _ _ _ _ _ _
3 5 .4 4 x 1  O’ 2 0 . 3 0 9 .2 4 x 1  O’ 2 0 .2 6 1 . 2 8 x 1 O’ 1 0 . 1 7 1 . 8 2 x 1 0 0 . 1 1 9 • 2 x 1  o ” 2 0 . 2 7
4 1 . 2 6 x 1 o " 2 0 . 6 6 5 . 6 1 x 1 0 0 . 2 9 _ _ _ _ _ _
5 — 1 . 2 8 x 1 O’ 1 0 . 1 8 1 . 82X10” 1 0 . 0 9 5 2 . 2 7 x 1 O’ 0 . 0 6 1 1 . 4 x 1 o ’ 1 0 . 1 7
6 2 . 2 x l 0 " 2 0 . 4 9 1 . 1 7 x 1 o " 1 0 . 1 6 _ _ _ _ _ _ — —
9 — — 2 . 0 4 x 1 O’ 1 0 . 0 7 4 2 . 2 9 x 1 0 0 . 0 4 4 3 . 3 4 x 1 O’ _ 2 . OxlO’ 1 0 . 0 7  8
1 0 5 . 5 8 x 1 O"2 0 . 3 2 1 . 6 2 x 1 O’ 1 0 .0 9 7 _ _ _ _ _ _ — —
14 2 . 5 l x l O ’ 1 0 .0 2 6 2 . 6 7 x 1 O’ 1 0 . 0 1 0 3 . 2 l x l O ’ 1 2 . 4 x 1 O’ 1 0 . 0 2 1
15 1 . 2 6 x 1 0 ” ^ 0 . 1 7 1 . 9 1 x lo " ^ 0 .0 6 6 _ _ _ _ _ _ _
20 1 . 1 8 x 1  o ’ 0 . 1 8 2 . 9 8 x 1 0" - 3 . 4 l x l O ” 1 - 2 . 5 6 x 1 0 - 3 . 2 x 1 O’ - 3 . 2 x 1 O’ 1 -
25 1 . 6 3 x 1  o" I" 0 . 1 0 _ _ _ - — — — - -
3 0 1 . 6 3 x l o ” 0 . 1 1 2 . 9 1 x 1 O"1 - 3 . 2 x 1 O’ 1 - 3 . 1 4 x 1 o ’ 1 - 3 . 7 7 x 1 0 - 2 . 8 5 x 1 0 ” 1 -
S
/ S o  -  S u r v i v i n g  F r a c t i o n
T a b l e  A 4 .1 7  DATA PERTAINING TO PH OTORE ACT IV AT ING FLUENCE RATE PLOTS FOR AS 4 4 SHOWN IN FIG 3 .7 B
17 a 1 . 1 2  Wm"2 17b 2 .2 3  Wm’ 2 1 7 c  4 . 4  5 Wm 2 1 7 d 9 . 1 6  Wm’ 2 1 7 e  1 7 . 6 2  Wm'
PR TIME 
(m in ) S/ S o  1 - P S/ S o  1 - P S/ S o  1 - P S/ S o  1 - P S/ S o  1 - P
0 1 . 3 x 1 0  *_ _ —4 - 1 . 1 6 x 1 0 ,—4 - 1 . 7 1 x 1 0 ,—4 - 1 . 2 6 x 1 0 ,—4 - 2 . 2 6 x 1 0 ,—4 -FLASH 6 . 3 5 x 1 0 1 . 0 7 . 6  5 x 1 0 1 . 0 4 . 8 2 x 1 0 1 . 0 3 . 6 0 x 1 0 1 . 0 6 . 2 1 x 1 0 1 . 0








— 1 . 5 9 x 1 0  ^ 0 . 8 6 7 . 9 7 x 1 0  * 0 . 9 1 1 . 1 2 x 1 0  \—3 0 . 8 1 9 . 4 7 x 1 0  * 0 . 8 3





- - 3 - - 3 - 7 . 3 5 x 1 O’ 0 . 5 5
4 4 . 8 2 x 1 0 0 . 6  2 1 . 1 8 x 1 0 0 .4 7 8 .1 2 x 1 0 0 . 5 1 6 . 1 x 1 0 0 . 5 3 1 . 4  5 x 1 0 0 . 4 3
7 1 . 0 3 x 1  o ’ 0 . 4  8 - 2 - - 2 - - 2 - - 2 -8 — 2 - 3 . 2 6 x 1 0 0 . 2 8 2 . 0 3 x 1 0 0 . 3 5 1 . 1 2 x 1 0 0 . 4 3 4 . 2 9 x 1 0 0 . 2 4
1 0 1 . 9 0 x 1 0 0 . 3 7 - - - - — 2 -
- -







— 6 . 3  8 x 1 0 0 . 1 3 8 . 1 x 1 0 0 . 1 2
15 4 . 4 x 1 0 0 . 2 2 7 . 1 4 x 1 0 0 . 1 3 6 . 5 5 x 1 0 0 . 1 4
- 2
— - 1 —
2 0 6 . 9 5 x 1 O"2 0 . 1 3 9 . 6 l x l O ’ 2 0 .0 7 9 . 3 5 x 1 o’ 2 0 . 0 8 9 . 5 3 x 1 0  * 0 . 0 6 1 . 0 1 x 1 0  7" 0 . 0 8
3 0 9 . 4 2 x 1 O” 2 0 . 0 7 3 1.2 8x1 o’2 0 . 0 1 5 1 . 3 4x1 o’r- 0. 02 1 . 2  5x1 o’I" 0 . 0 2 1 . 6  Oxl o’ 7" —
45 1. l l x i o ’ l' 0 . 0 4 3 1.4 2x1  o’ I" — 1 . 7 3x1 o’7" — 2 . 2 8 x 1 o"^ — 1 . 5  9x1 o’ 7” —
6 0 1 . 5 8 x 1 0 — 2 . 2 7 x 1 0 — 1.8 6 x 1 0 — 2 . l x l O ’ — 2 . O x lo ’ —
S
/ S o  -  S u r v i v i n g  F r a c t i o n
T a b l e  A 4 .1 8  DATA PERTAINING TO PH OTORE ACT IV AT ING FLUENCE RATE PLOTS FOR DY326 SHOWN IN FIG 3 .7 C
in m tmtt
1 8 a  1 . 36 Wm 2 18b 3 . 4 1  Wm"*2 1 8 c  6 .8 2  Wm"2 18d  13 .6 4  Wm 2 1 8 e  2 0 . 46 Wm
rK 1 IMLj
(m ln ) S/ S o 1 - P S/ S o 1 - P S/  So 1 - P S/ S o 1 - P S/ S o 1 - P
0 6 . 4 9 x 1 O” 5 1 . 0 3 . 1 6 x 1  O’*5 1 . 0 5 . 3  8 x 1 0"*5 1 . 0 5 . 7 5 x 1 o ” 5 1 . 0 5 . 6 4 x 1 O- 5 1 . 0
2 0 6 . 7 0 x l o “*5 0 .9 9 6 - - - - - - -
3 0 - - 3 . 0 8 x 1 O” 5 1 . 0 7 . 3  9x1 O**5 0 . 9 6  2 1 .02x10*" 4 0 . 9 5 1 6 . 4 x 1  O*"5 0 . 9 8 4
4 0 7 . 1 0 x 1 O"5 0 . 9 8 9 - - - - - - 6 . 8 x 1  O**5 0 . 9 7 6
6 0 6 . 1 8 x 1  o'*5 1 . 0 1 4 . 3 8 x 1 o ” 5 0 . 9 6  2 1 . 2 2 x lO ~ 4 0 . 9 0 1 1 . 9 2 x l O ~ 4 0 . 8 8 9 9 . 5 x l 0 ” 5 0 . 9 3 2
80 6 . 0 7 x l 0 - 5 1 . 0 1 6 . 7 4 x l 0 “ 5 0 . 9 2 1 - - 2 .  l l x l  o ’*4 0 . 8 5 3 1 . 0 9 x 1  o ’*4 0 . 9 1 5
1 0 0 5 . 5 6 x 1 o ” 5 1 . 0 2 8 . 2 6 x l 0 ” 5 0 . 8 8 9 2 . 4 9 x 1 0 ~ 4 0 . 8 1 0 2 . 9 3 x l 0 “ 4 0 . 8 4 2 1 . 3 4 x l 0 " 4 0 . 8 8 8
1 2 0 5 . 8 9 x l o “ 5 1 . 0 1 1 . 1 9 x 1  O*"4 0 . 8 4  8 2 . 9 0 x l 0 ” 4 0 . 7 9 6 3 . 8 1 x 1  o ’"4 0 . 7 7 1 . 8 5 x 1  O**4 0 . 8 4 6
1 5 0 6 . 5 3 x l 0 “ 5 0 . 9 9 9 1 . 4  8x1 o""4 0 . 8 2 3 4 . 3 8 x 1 O” 4 0 .7 4 6 - - 2 .0 7 x 1  O’*4 0 . 8 3 2
1 8 0 7 . 5 0 x l 0 “ 5 0 . 9 8 2 1 . 97x 1  o"*4 0 . 7  89 3 . 5 8 x 1 O"4 0 . 7 7 0 2 . 5  8x1 O'*4 0 .8 0 3
T a b l e  A 4 .1 9 a  DATA PERTAINING TO AB2480 PHOTOREACTIVATION





- a t  
h 2 e  2 w ’
0
FLASH
2 . 0 2 x 1 0 ” 4 
4 . 9 9 x 1  O’ 3
0 . 2 5 6 . 4 7 x l 0 ’ 3 3 . 8 0 1 . 6 6 4 2 . 1 3 6
0 . 5 0 1 . 6 1 x l 0 " 2 2 . 8 8 1 . 5 9 0 1 . 2 9 0
0 . 7 5 2 . 5 0 x 1 O"2 2 . 4 4 1 . 5 2 0 0 . 9 2 0
1 . 5 0 3 . 9 4 x l 0 “ 2 1 . 9 9 1 . 3 3 0 . 6 6 0
3 . 0 9 . 3 2 x 1 O” 2 1 . 2 2 1 . 0 2 0 . 2 0 0
5 . 0 1 . 4 x l O _1 0 . 7  21 - -
9 . 0 2 . 0 4 x 1 0 _ 1 0 . 3 4 5 - -
1 4 . 0 2 .5 X 1 0 ” 1 0 . 1 4 2 - -
2 0 3 . 2 x l O _1 - - -
3 0 2 . 8 8 x 1 O” 1 mm
T a b l e  A 4 .1 9 b  DATA PERTAINING TO AB248Q PHOTOREACTIVATION




FRACTION ht 2 2 vv'
0 5 . 5 x l 0 ” 5 _ _ _
FLASH 6 .O x i o ” 4 - - -
0 . 2 5 1 . 3  2x lO - 3 5 .4 7 0 . 9 7  5 4 . 5
0 . 5 0 9 . 5 5 x 1 O” 3 3 . 4 8 0 . 9 3 4 2 . 5 5
0 . 7 5 2 . 7 4 x l O ~ 2 2 . 4 4 0 .9 0 5 1 . 5 4
1 . 5 0 8 . 6  5 x l 0 “ 2 1 . 2 9 0 . 8 2 1 0 . 4 7
3 . 0 1 . 2 3 x 1  o""1 0 .8 9 7 0 .6 7 6 0 . 2 2 1
5 . 0 1 . 8 2 x 1 0 0 . 5 1 8 - -
9 . 0 2 . 2 9 x 1 0 0 .3 1 6 - -
1 4 . 0 2 . 6 7 x 1 0 0 . 1 6 2 - -
2 0 . 0 2 . 7 5 x 1 o " 1 0 . 1 3  2 - -
3 0 . 0 3 . 1 4 x 1 o” 1 _ _
T a b l e  A 4 .1 9 C  DATA PERTAINING TO AB248Q PHOTOREACTIVATION





h 2 e - “ 2 fc w " c
0 2 . 8 2 x l 0 “ 4 _ _ _
FLASH 4 . 0 0 x 1 O” 3 - - -
0 . 2 5 5 .0 2 x 1  O’"2 1 . 9 4 1 . 1 0 2 0 . 8 3  8
0 . 5 0 6 . 5 OxlO” 2 1 . 6 8 1 . 0 5 0 . 6 3
0 . 7 5 9 . 5 9 x l 0 “ 2 1 . 2 9 0 . 9 9 8 0 . 2 9 2
1 . 5 0 1 . 2 9 x 1 0 0 . 9 9 8 0 . 9 5 0 0 . 0 4  8
3 . 0 1 . 8 2 x 1  O*"1 0 . 6 4 8 - -
5 . 0 2 . 2 7 x 1 0 0 .4 3 3 - -
9 . 0 2 . 9 0 x 1 0 0 . 1 8 8 - -
1 4 . 0 3 . 2 5 x 1 0 0 . 0 7 4 - -
2 0 . 0 3 . 2 5 x 1 O" 0 . 0 7 4 - -
3 0 . 0 3 . 5 0 x 1  O’"1 _ _ _
T a b l e  A4 .2 0 a  DATA PERTAINING TO AS44 PHOTOREACTIVATION





w 1h 2 e  2
—a t  h - h  e  2 
t  2
0 3 . 2 2 x 1 O’ 5 _ _ _
FLASH 2 . 7 7 x l O - 4 - - -
1 8 . 9 4 x 1 0” 4 4 . 9 4 3 . 1 3 3 1 . 8 1
1 . 5 1 . 2 3 x 1 0 ~ 3 4 . 6 2 3 . 0 0 3 1 . 6 2
2 2 . 5 1 x 1 O- 3 3 . 9 1 2 . 8 8 1 . 0 3
3 5 . 7 l x l O ” 3 3 . 0 9 2 . 6 4 5 0 . 4 4
4 9 . 3  2 x 1 0” 3 2 . 6 0 3 . 4 3 0 . 1 7
7 2 . 5  8 x l 0 “ 2 1 . 5 8 - -
12 3 . 7 8 x 1 O” 2 1 . 2 0 - -
16 5 . 0 0 x 1 O- 2 0 .9 1 6 - -
2 0 6 . 5 2 x l 0 “ 2 0 . 6  5 - -
25 8 . 5 x l 0 ” 2 0 . 3  86 - -
3 0 9 . 4 9 x 1 O” 2 0 . 2 7 5 - -
3 5 1 . 0 7 x l 0 _1 0 . 1 5 5 - -
4 0 1 . 2 3 x lO _1 0 .0 1 6 - -
5 0 1 .2 5 X 1 0 ” 1
T a b l e  A 4 .2 0 b  DATA PERTAINING TO AS44 PHOTO RE ACT IV AT ION





h t h - h  e~ t  2
0 1 . 2 6 x l O ~ 4 _ _ _
ASH 7 . 8 0 x l 0 ~ 4 - - -
1 1 . 1 2 x 1  o " 3 5 . 2 3 3 . 5 6 1 . 6 7
2 3 . 3 3 x l O - 3 4 . 1 5 2 . 7 5 1 . 4 1
3 6 . 1 0 x 1 O- 3 3 . 5 4 2 . 5 6 0 . 9 8
4 1 . 1 2 x 1 0 _2 2 . 9 3 2 . 3 9 0 . 5 4
8 3 . 4 4 x 1 O” 2 1 . 8 1 - -
14 6 . 3 8 x 1 O- 2 1 . 2 0 - -
2 0 9 . 4 5 x 1 O” 2 0 . 7 9 - -
3 0 l . l l x i o ” 1 0 . 6 4 - -
4 0 1.58X10**1 0 . 2  85 - -
5 0 1 . 7 8 x 1 o " 1 0 . 1 6 5 - -
6 0 2 . 1 0 x 1 0 _1
T a b l e  A 4 .2 0 C  DATA PERTAINING TO AS44 PHOTOREACTIVATION





h t h - h  e”  °^ 2t  t  2
0 2 . 2 6 x 1 0 - 4 _ _ _
FLASH 6 . 2 l x l O ’ 4 - - -
1 9 . 4 7 x l O ~ 4 5 . 3 5 2 . 9 0 2 . 4 5
3 7 . 3 5 x 1 O’ 3 3 . 3 0 2 . 4 6 0 . 8 4
4 1 . 4 5 x 1 0 ~ 2 2 . 6 2 2 .2 6 0 . 3 6
8 4 . 2 9 x 1 O” 2 1 . 5 4 - -
14 8 .  lx io" " 2 0 . 9 0 - -
2 0 l . O l x l O - 1 0 . 6  83 - -
3 0 1 . 6 0 x 1  o"”1 0 . 2 2 3 - -
45 1 .8 5 X 1 0 ” 1 0 . 0 7  8 - -
6 0 2 . O x l0 _ 1
T a b le  A 4 .2 1  DATA PERTAINING TO DY326 PHOTOREACTIVATION PARAMETERS IN TABLE 3 .6
PR TIME E x p t 2 1 a E xpt 21b E x p t 2 1 c E x p t 2 1 d
( m in ) S / S o h t
® /S o
h t
S/ S o h t
s / S o
h t
0 6x1  o""5 4 . 2 2 x 1 O- 5 _ 3 . 5 x 1 O’ 5 _ 6 . 1 8 x 1 0 “ 5 _
2 0 9 . 5 x l O - 5 1 . 4 4 4 . 1 2 x 1 0 ~ 5 2 . 1 4 4 . 1 5 x 1 0 ” 5 2 . 1 4 9 . 4 x l 0 ” 5 1 . 4 0
4 0 1 . 6 5 x 1 0 ~ 4 0 . 8 5 5 8 . 6 l x l o ” 5 1 . 4 0 8 . 7 OxlO” 5 1 . 6 0 2 . 3 x l O - 4 0 . 5 0 2
6 0 2 . 6 x l 0 “ 4 0 . 4 3 0 1 . 8 4 x 1 0 ~ 4 0 . 6 7 1 . 5 8 x 1 o ” 4 0 . 4 6 2 . 6 x l 0 “ 4 0 . 3  8
80 3 . 4 x l O - 4 0 . 1 6 3 2 . 2 2 x 1 O” 4 0 . 4 6 1 . 9 3 x 1 0 ~ 4 0 . 4 6 3 . 2 7 x l 0 “ 4 0 . 1 5
1 0 0 3 .  9x1  O*"4 0 . 0 2 5 3 . 1 9 x 1 O- 4 0 . 0 9 2 1 . 6 1 x l 0 ” 4 0 . 4 6 3 . 8 0 x 1 O- 4 -
1 2 0 4 .  O x lo ” 4 - 2 . 5 5 x 1 0 ~ 4 0 . 3 2 2 . 1 5 x 1 O” 4 0 . 1 5 - -
1 5 0 3 . 9 OxlO"4 - 3 . 5 x l 0 “ 4 - 2 . 5 x 1 0  . - 4
1 8 0 3 . 9 5 x lO ~ 5 2 . 9 2 x 1 o ” 4 2 . 1 5 x 1 0- 4
322








h t h - h  e” a2 t  t  2
0 6 . 8 2 x l O ~ 5 — _ _
FLASH 2 . 2 9 x 1 O- 4 0 . 8 4 / 1 . 0 - - -
0 . 5 3 . 8 3 x 1 O- 4 0 . 9 2 5 . 6 8 3 . 3 3 2 . 3 5
1 5 . 6 3 x 1 O- 4 0 . 8 6 5 . 2 9 3 . 2 9 2 . 0 0
1 . 5 6 . 7 8 x 1 O- 4 0 .  83 5 . 1 1 3 . 2 4 1 . 8 7
2 8 . 0 8 x 1 0" 4 0 . 8 0 4 . 9 3 3 . 2 0 1 . 7 3
3 1 . 2 6 x 1 0_3 0 . 7 3 4 4 . 4 9 3 . 1 1 1 . 3 8 1
4 1 . 3 6 x 1 o “ 3 0 . 7 2 2 4 . 4 1 3 . 0 3 1 . 3 8
5 2 . l l x l O ’ 3 0 . 6  54 3 . 9 7 2 . 9 5 1 . 0 2
7 2 . 7 5 x 1 O- 3 0 . 6 1 3 3 . 7 1 2 . 7 1 0 . 9 2
1 0 4 . 2 1 x 1 O” 3 0 . 5 4 6 3 . 2 8 2 . 5 7 0 . 7 1
13 7 . 2 0 x 1 0 ~ 3 0 . 4 6 2 2 . 7 4 2 . 3 6 0 . 3  8
16 1 . 0 9 x l 0 - 2 0 . 4  0 0 2 . 3 3 -
2 0 1 . 2 9 x 1 O’ 2 0 . 3 7 2 2 . 1 6 - -
25 1 .  8x10**2 0 . 2 3 0 1 . 8 3 - -
3 0 2 . 3 7 x l O - 2 0 . 2 7 7 1 . 5 5 - -
3 5 4 . 0 2 x 1 O"2 0 . 1 9 4 1 . 0 2 - -
4 0 4 . 4 4 x l 0 " 2 0 . 1 7  8 0 . 9 1 6 - -
45 4 . 4 8 x 1 O” 2 0 . 1 7  8 0 . 1 9 6 - -
5 0 5 . 6 7 x l O - 2 0 . 1 4 1 0 . 6  81 - -
6 0 5 . 9 4 x l 0 “ 2 0 . 1 3 4 0 . 6 3 4 - -
8 0 8 . 3 5 x 1 o” 2 0 . 0 8 1 0 . 2 9 4 - -
1 0 0 9 . 7 7 x 1 O- 2 0 .  056 0 . 1 3 7 - -
1 2 0 1 . 4 2 X 1 0 ” 1 - - - -
T a b l e  A4 .2  2b  DATA PERTAINING TO THE PHOTOREACTIVATION OF AS44 AT
2 0 .1 ° C
PR TIME 
( m in )
SURVIVING
FRACTION
, ( CORRECTED) 
1 - P
h t
y. t  
2 2 h t - h 2 e - “ 2
0 3 . 6 8 x 1 O” 5 — _ _ _
FLASH 2 . 1 3 x 1 O” 4 0 . 7 9 4 / 1 . 0 0 - - ~
0 . 5 2 . 9 8 x 1 O- 4 0 . 9 5 6 . 5 3 . 8 1 2 . 6 9
1 . 0 2 . 8 8 x 1  o ” 4 0 .9 6 6 . 5 4 3 . 7 5 2 . 7 9
1 . 5 3 . 9 8 x 1 O’ 4 0 . 9 1 6 . 2 2 3 . 7 0 3 . 5 2
2 6 . 8 2 x 1 O” 4 0 . 8 3 5 . 6 8 3 . 6 4 2 .0 4
3 1 .  0 5 x 1 0 ~ 3 0 . 7 6 5 . 2 5 3 . 5 4 1 . 7 1
4 1 . 7 8 x 1 0” 3 0 . 6 9 4 . 4 4 3 . 4 4 1 . 0
5 2 . 3 7 x l 0 “ 3 0 . 6 4 3 . 8 6 3 . 3 4 0 . 5 2
7 5 . 0 7 x l 0 ” 3 0 . 5 3 3 . 0 7 - -
1 0 7 . 2 l x l O - 3 0 . 4  8 3 . 3 2 - -
13 1 . 2 3 x 1  o""2 0 . 4 0 2 . 7 9 - -
16 1 . 7 1 x l 0 “ 2 0 . 3 5 2 . 4 6 - -
2 0 2 . 3 5 x 1 O” 2 0 . 3 1 2 . 1 4 - -
25 3 . 4 8 x 1 O- 2 0 . 2 5 1 . 7 5 - -
3 0 3 . 8 5 x l O ~ 2 0 . 2 3 1 . 6 5 - -
3 5 5 . 6 x l 0 " 2 0 . 1 8 1 . 2 7 - -
4 0 6 . 0 2 x 1 O” 2 0 .1 6 6 1 . 2 0 - -
45 5 . 7 x l 0 “ 2 0 . 1 7 4 1 . 2 5 - -
5 0 7 . l l x l O ” 2 0 . 1 4 1 1 . 3 0 - -
6 0 9 . 8 5 x 1 0 ” 2 0 .0 9 3 0 . 7 1 - -
9 0 1 . 4 5 x 1  o""1 0 .0 3 6 0 . 3  2 - -
1 2 0 1 . 8 5 x 1 0_1 _
T a b l e  A 4 .22C  DATA PERTAINING TO THE PHOTO REACT IV AT ION OF AS44 AT2 5 ^ 3 o c
PR TIME 






v. “  cut: 
2 2
0 3 . 2 2 x l 0 ” 5 _ _ _
FLASH 2 . 7 7 x l O ~ 4 0 . 7 9 4 / 1 . 0 - - -
0 . 5 7 . 7 l x l O " 4 0 . 8 4 1 5 . 3 7 1 . 1 8 4 . 1 9
1 . 0 8 .9 4 x l O ~ 4 0 . 8 2 0 5 . 2 2 1 . 1 6 4 . 0 6
1 . 5 1 . 2 3 x 1 0_3 0 . 7 6 8 4 . 9 0 1 . 1 5 3 . 7 5
2 2 .5 1 x l O - 3 0 .6 5 7 4 . 1 9 1 . 1 3 3 .0 6
3 5 . 7 1 x 1  o"*3 0 . 5 2 9 3 . 3 6 1 . 0 9 2 .2 7
4 9 . 3  2 x 1 0 " 3 0 . 4 5 2 2 . 8 8 1 . 0 6 1 . 8 2
5 1 . 5 2 x 1 0“ 2 0 . 3 7 6 2 . 3 8 1 . 0 3 1 . 3 5
7 2 . 5  8 x 1 0” 2 0 . 2 9 4 1 . 8 5 0 . 9 7 0 . 8 8
1 0 3 . 7 8 x 1 O” 2 0 . 2 3 4 1 . 4 7 0 . 8 8 0 . 5 9
13 3 . 6 1 x l 0 “ 2 0 . 2 4 1 1 . 5 2 - -
16 5 . O x io ” 2 0 . 1 9 1 1 . 1 9 - -
2 0 6 . 5 2 x l 0 “ 2 0 . 1 5 0 0 . 9 2 8 - -
25 8 . 5 OxlO” 2 0 . 1 0 8 0 . 6 6 3 - -
3 0 9 . 4  9x1 o"*2 0 . 0 9 1 0 . 5 5 3 - -
3 5 1 .  07 x l0 * ”2 0 . 0 7  2 0 . 4 3 3 - -
4 0 1 . 23X10*"1 0 .  0 5 0 0 . 2 9 4 - -
45 1 . 2  5x1 0 0 . 0 4  8 0 . 2 7  8 - -
5 0 1 . 2 5 x 1  o""1 0 . 0 4  8 0 . 2 7  8 - -
6 0 1 . 4 3 x l O _ 1 0 . 0 2 7 0 .1 4 3 - -
9 0 1 . 7  8x10*” - - - -
1 2 0 1 . 6  l x l  o'* — _ _
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T a b l e  A 4 .2 2 d  DATA PERTAINING TO THE PH OTORE ACT IV AT ION OF AS44 AT
3 0 . 1  C
PR TIME SURVIVING ( CORRECTED)
. - a t
h e  2
. . - a t  h - h  e  2
(m ln ) FRACTION 1 - P
u
0 2 . 9  8x1 o"*5 _
FLASH 4 . 4 4 x l o ’ 4 0 . 6 8 5 / 1 . 0 - -
0 . 5 9 . 2 4 x 1 o’ 4 0 . 8 7 5 5 .0 7 1 . 8 0 3 . 2 7
1 2 . 0 2 x 1 o ’ 3 0 . 7 4 4 . 3 1 1 . 7 5 2 . 5 6
1 . 5 4 . 0 5 x 1 0 ~ 3 0 . 6 2 4 3 . 6 1 1 . 7 0 1 . 8 9 1
2 5 . l l x l  o” 3 0 . 5  84 3 . 3 8 1 .6 6 1 . 7 2
3 1 . 2 8 x 1 0 “ 2 0 . 4 2 8 2 . 4 6 1 .5 7 0 . 8 9
4 1 . 7 1 x l o ’ 2 0 . 3 7  8 2 . 1 7 1 . 4 9 0 . 7 1
5 2 . 6 l x l o ’ 2 0 . 3 0 6 1 . 7 5 1 . 4 1 0 . 3 4
7 4 . 3 5 x 1 o’ 2 0 . 2 2 0 1 . 2 4 - -
1 0 6 . 0 7 x l o ’ 2 0 . 1 6 3 0 . 9 1 - -
13 5 . 7 6 x 1 o’ 2 0 . 1 7 2 0 . 9 5 7 - -
16 6 . 1 8 x 1 O’ 2 0 . 1 6 0 0 . 8 8 6 - -
2 0 7 . 4 l x l o ’ 2 0 . 1 2 9 0 . 7 0 5 - -
25 1 .  0 3 x l 0 _1 0 . 0 7 3 0 . 3 7 6 - -
3 0 1 . l l x l 0 - 1 0 . 0 6 0 0 . 3 1 0 - -
3 5 1 . 0 2 x 1 0 ’ 0 . 0 7 5 0 . 3  86 - -
4 0 1 . 1 6 x 1 0 0 .0 5 3 0 .2 5 7 - -
45 1 . 3 3 x 1 0 0 .  0 2 9 0 . 1 2 0 - -
5 0 1 . 2 7 x 1 O’ 1 0 . 0 3 7 - - -
6 0 1 . 5 8 x 1 0 0 .  037 - - -
9 0 1 . 4  8X10” 1 - - - -
1 2 0 1 . 5 8 x l o ’ - - - -
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T a b l e  A 4 .2 2 e  DATA PERTAINING TO THE PHOTOREACTIVATION OF AS44 AT








. - a t  
2 C 2 h t  2 e
0 2 . 8 x 1 0 ~ 5 _ _ _
FLASH 1 . 8 9 x 1 0 “ 4 0 . 7 7 9 / 1 . 0 - - -
0 . 5 5 . 06x 1 o""4 0 . 8 5 4 5 . 7 6 2 .1 9 3 . 5 7
1 . 0 1 . 3 9 x 1 0 “ 3 0 . 7 0 4 4 . 7 5 2 . 1 1 2 . 6 4
1 . 5 3 . 0 7 x l 0 ” 3 0 . 5 8 6 3 . 9 5 2 .0 3 1 . 9 2
2 4 . 6 3 x 1 O” 3 0 . 5 2 6 3 . 5 4 1 . 9 5 1 . 5 9
3 1 . 2 5 x 1 0 ~ 2 0 . 3 7 8 2 . 5 5 1 . 8 0 0 . 7 5
4 1 . 9 0 x l 0 ~ 2 0 . 3 1 6 2 . 1 3 1 . 6 6 0 . 4 7
5 2 . 3  8 x 1 0 _2 0 . 2 8 3 1 . 9 0 1 . 5 4 0 . 3 6
7 3 . 8 5 x l 0 “ 2 0 . 2 1 0 1 . 4 2 1 . 3 2 0 . 1 0
1 0 6 . 3 OxlO” 2 0 . 1 3  8 0 . 9 3  2 - -
13 6 . 8 4 x 1 O” 2 0 . 1 2 6 0 . 8 5 - -
16 7 . 6 7 x l 0 “ 2 0 . 1 0 9 0 . 7 3 5 - -
2 0 1 . 0 0 x 1 0~ 0 . 0 9 4 0 . 4 7 - -
25 1 . 2 3 x 1  o""1 0 . 0 3 9 0 . 2 6 2 - -
3 0 1 . 3 0 x 1 0 “ 0 . 0 3 6 0 . 2 0 8 - -
35 1 . 3  8 x 1 0 0 . 0 2 6 0 . 1 4  8 - -
4 0 1 .4 3 X 1 0 " 1 0 . 0 1 7 0 . 1 1 2 - -
45 1 . 4 3 x 1 0 0 . 0 1 6 5 - - -
5 0 1 . 4 5 x 1 0 0 . 0 1 1 4 - - -
6 0 1 . 4 0 x 1 0 - - - -
9 0 1 . 7 7 x 1 0 “ - - - -
1 2 0 1 . 7 6 x 1  o""1 - - - -
T a b l e  A 4 .2 3  DATA PERTAINING TO THE ARRHENIUS PLOT FOR DY326 (F IG . 3 . 1 5 ) .
















23d 3 0 ° 23 e 37
o
(m in ) s / s o 1 - P s / s o 1 - P s / s o 1 - P S . _ /S O 1 - P s / s o 1 - P
0 5 . 7 5 x 1  o"*5 6 . 7 x l O ~ 6 5 . 7 5 x 1 O” 5 _ 5 . 2 7 x 1 O” 5 _ 9 . 0 5 x 1  O’ 5 _
1 0 7 . 6 x l o ” 5 0 . 9  80 6 . 9 8 x 1 0 ” 5 0 .9 7 4 6 . 2 9 x 1 O’ 5 0 . 9 9 8 6 . 4 9 x 1 O” 5 0 . 9 8 8 1 . 1 8 x l o ” 4 0 . 9 6 3
2 0 7 . 3 x l o ’ 5 0 . 9 8 4 6 . 9 8 x 1 O’ 5 0 . 9 6  2 5 . 9 9 x 1 o” 5 0 . 9 6  9 7 . 0 5 x 1 o’ 5 0 .9 7 7 1 . 8 9 x 1 O’ 4 0 . 8 9 8
3 0 7 . 6 x l o ’ 5 0 . 9 8 1 7 . 0 5 x 1 0 ” 5 0 . 9 6 0 6 . 0 5 x 1 O’ 5 0 . 9 5 2 7 . 1 6 x 1 O’ 5 0 . 9 7  2 2 . 3 9 x 1 O” 4 0 . 8 6 6
4 0 8 . 2 x l o ’ 5 0 . 9 7 6 7 . 7  8 x l o ” 5 0 . 9 5 9 1 . 0 2 x 1 O’ 4 0 . 9 2 4 7 . 5 4 x l 0 ” 5 0 . 9 2 2 3 . l l x l O ’ 4 0 . 8 2 9
6 0 8 . 6 4 x 1 o ’ 5 0 . 9 7  3 7 . 9 8 x 1 o ’ 5 0 .9 5 3 1 . 4 3 x lO ~ 4 0 .  87 9 7 . 6 5 x 1 O’ 5 0 . 9 0 1 4 . l l x l O ’ 4 0 . 7 9 1
8 0 1 . 3 0 x l o ’ 4 0 .9 4 6 1 . 1 3 x 1  O*"4 0 . 8 9 4 1 . 9 2 x 1 O’ 4 0 . 8 4 0 1 . 4 6 x l o ” 4 0 . 8 3 0 4 . 5 9 x 1 O"4 0 . 7 7 5
1 0 0 1 . 5 0 x l o ’ 4 0 . 9 3 6 1 . 5 0 x 1 o ” 4 0 .  866 2 . l l x l O ’ 4 0 .8 2 7 0 .  0 2 x 1  O’ 4 0 . 8 1 4 4 . 6 7 x 1 O’ 4 0 . 7 7 3
1 2 0 1 . 8 2 x l o ’ 4 0 . 9 2 3 1 . 9 3 x 1 0 ~ 4 0 . 8 2 8 2 . 9 3 x l 0 ” 4 0 . 7  84 2 . 0 9 x 1 o” 4 0 . 7  89 3 . 5 5 x 1 O’ 4 0 . 8 1 1
1 5 0 2 . 8 3 x l 0 “ 4 0 . 8 9 4 2 . 0 2 x 1 0 ~ 4 0 .8 0 6 2 . 7 2 x 1 O’ 4 0 .7 9 4 2 . 3 5 x 1 o’ 4 0 . 7 7  8 - -
1 8 0 3 . 1 4 x 1 O” 4 0 . 8 8 7 2 . 9 3 x l 0 “ 4 0 . 7  82 3 . 8 1 x l o ’ 4 0 . 7 4 9 3 . 5 3 x l 0 ’ 4 0 . 7 4 4 - -
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T a b l e  A 4 .2 4  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED WHEN 
ANAEROBICALLY-GROWN AB24 8 0  WAS IRRADIATED WITH 254  
nm UV AND AFTER A SINGLE PHOTOREACTIVATING FLASH, 











2 4 a 1 . 2 9 x l 0 7 0 . 0 6 1 4 . 5 4 x 1 o " 1 5 . 2 8 x 1 0 _ 1
0 . 1 2 3 1 . 7  8x1 o"1 1 .9 1 X 1 0 " 1
0 . 1 8 5 6 . 6 5 x 1 O"2 8 . 7 6 x 1 o " 2
0 .2 4 7 1 . 8 2 x lO _2 2 . 5 5 x 1 O"2
0 . 3 0 8 5 . 7 5 x 1 O"3 1 . 12xlo"2
0 . 3 7 0 1 . 8 5 x 1  o"3 2 . 8 x l o " 2
0 . 4 3 2 4 . 5 6 x 1 O"4 1 .  0 3 x l o " 3
0 . 4  94 1 . 6 1 x l O - 4 3 . 4 8 x 1 O"4
24b 1 . 6 9 x 1 0“ ? 0 . 0 6 3 4 . 5 0 x 1 O"1 6 . 1 0 x 1 0 _1
0 . 1 2 4 1 .6 1 X 1 0 " 1 2 . 0 0 x 1 o " 1
0 .1 8 7 7 . 5 0 x 1 O"2 9 . 03xlo"2
0 . 2 4 2 1 . 9 6 x lO ~ 2 2 . 7 8 x 1 o " 2
0 . 3 0 1 6 . 5 0 x l 0 " 3 1 .  20xlo"2
0 . 3 6  8 2 . 2 6 x 1 O"3 . 4 . 2 0 x 1 O"3
0 . 4 2 9 6 . 0 1 x l 0 " 4 1 . 30xlo"3
0 . 5 0 1 1 . 9 2 x 1 o " 4 4 . 6 OxlO"4
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T a b l e  A 4 .2 5  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED WHEN 
ANAEROBICALLY-GROWN AS44 WAS IRRADIATED WITH 254 nm 
UV AND AFTER A SINGLE PH OTORE ACT IV AT ING FLASH, THE 











2 5 a 1 . 1 4 x 1 07 0 . 0 6 3 3 . 5 9 x 1 0 _1 3 . 6 2 x 1 O” 1
0 .1 2 6 1 . 2 1 x lO _ 1 1 . 4 9 x 1 O’ 1
0 . 1 9 0 3 . 4 4 x 1 O"2 5 . 1 6 x 1 O” 2
0 . 2 5 4 1 . 0 9 x 1 o " 2 1 . 3 8 x 1 0 ~ 2
0 . 3 1 9 3 . 3 4 x 1 O” 3 3 . 3 4 x 1 o ” 3
0 .3 8 3 8 . 3 3 x l 0 “ 4 1 . 4  0 x l 0 " 3
0 .4 4 7 2 . 3  2 x l 0 “ 4 4 . 5 0 x 1 O” 3
0 . 5 1 1 7 . 9 x l O - 1 1 . 7 5 x 1 0 ~ 4
25b 9 . 7 3 x 1 0 6 0 . 0 6 1 3 . 9 7 x 1 O’ 1 8 .9 7 X 1 0 " 1
0 . 1 2 2 1 .  81x1  O*"1 2 . 4 1 x l O _1
0 . 1 8 3 3 . 5 0 x l 0 ~ 2 5 . 1 0 x 1 O"2
0 . 2 4 5 1 . 3 l x l 0 ~ 2 2 . 0 8 x 1 O” 2
0 . 3 0 6 5 . 1 0 x 1 0 ~ 3 8 . 0 3 x 1 0 ” 3
0 . 3 6 8 1 . 5 9 x lO _3 2 . 6 l x l O ’ 3
0 . 4 3 0 3 . 4 9 x l 0 “ 4 6 . 7 5 x 1 O"4
0 . 4 9 1 I . I O xIO” 4 2 . 2 0 x 1 O- 4
T a b l e  A 4 .2 6  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED
WHEN ANAEROBICALLY-GROWN DY326 WAS IRRADIATED
WITH 254  nm UV AND AFTER ONE HI OTO RE ACTIVATING
FLASH, THE MEAN PARAMETERS ARE INCLUDED IN TABL]
3 . 7
EXPT INITIAL VIABLE FLUENCE SURVIVING FRACTION
N o. COUNT (m l” 1 ) (Jm” 2 ) 254 nm FLASH
26 a 1 . 5 1 x l 0 7 0 . 0 6 9 3 .2 X 1 0 ’ 1 3 .2 7 X 1 0 ” 1
0 . 1 3 8 1 .1 2 X 1 0 ” 1 1 .0 2 X 1 0 ” 1
0 .2 0 6 2 . 8 3 x l 0 ~ 2 3 . 2 1 x l o ” 2
0 . 2 7 6 7 . 6 5 x l 0 ” 3 2 . 0 4 x l 0 ” 3
0 . 4 1 5 4 . 5 0 x l 0 " 4 4 . 8 7 x l 0 ” 4
0 . 4 8 4 1 . 2 7 x l 0 ” 4 1 . 3 7 x l 0 ~ 4
0 . 5 5 4 4 . 1 6 x l 0 ” 5 3 . 0 5 x l 0 ” 5
26b 1 . 2 7 x l 0 7 0 . 0 7 0 3 . l l x i o ” 1 3 . 1 8 x l 0 _ 1
0 . 1 3 9 1 .0 6 X 1 0 ” 1 1 .0 4 X 1 0 ” 1
0 . 2 0 6 3 ,0  8 x l 0 ” 2 3 . 2 0 x l 0 ” 2
0 . 2 7 4 6 . 9 2 x l 0 " 3 7 .2 1 X 1 0 ” 3
0 . 3 4 5 2 . 2 1 x l o ” 3 2 . 2 5 x l 0 ” 3
0 . 4 1 9 4 . 4 1 x l 0 ” 4 4 . 6 7 x l 0 “ 4
0 . 4 9 0 1 . 1 8 x l 0 ” 4 1 . 2 1 x l 0 ” 4
0 . 5 6 0 3 . 9 6 x l 0 ” 5 3 . 6 3 x l 0 ” 5
T a b l e  A 4 .2 7  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED
WHEN ANAEROBICALLY-GROWN AS46 WAS IRRADIATED WITH 
254 nm UV AND AFTER ONE PHOTOREACTIVATING FLASH, 
THE MEAN PARAMETERS ARE INCLUDED IN TABLE 3 . 7
EXPT INITIAL VIABLE FLUENCE SURVIVING FRACTION
NO. COUNT (m l_ 1 ) (J n T 2 ) 254 nm FLASH
27 a 6 . 2 3 x l 0 6 0 . 0 7 4 4 . 3 3 x l 0 _1 2 .7  8 x l 0 _1
0 . 1 5 3 8 .9 8 X 1 0 ” 1 8 . 9 8 x l 0 ~ 2
0 . 2 2 8 2 . 2 9 x l 0 “ 2 2 . 4 7 x l 0 ~ 2
0 . 3 0 3 5 . 8 8 x l 0 " 3 5 . 1 3 x l 0 “ 3
0 . 3 7 6 1 . 6 4 x l 0 ~ 3 1 . 5 4 x l 0 ~ 3
0 . 4 5 0 4 . 6 0 x l 0 “ 4 4 . 5 0 x l 0 ” 4
0 . 5 2 5 8 . 6 6 x l 0 ~ 5 8 . 5 6 x l 0 “ 5
27b 1 . 0 7 x l 0 7 0 . 0 6 9 4.12X10*"1 5 . 0 3 x l 0 _1
0 . 1 4 9 9 . 2 8 x l 0 ” 2 9 . 0 1 x l 0 ” 2
0 . 2 2 4 2 . 3 6 x l 0 " 2 2 . 2 6 x l 0 ” 2
0 . 2 9 5 6 . 5 0 x l 0 ” 3 6 . 3 4 x l 0 “ 3
0 . 3 7 4 1 . 7 1 x l 0 " 3 1 . 6 8 x l 0 ” 3
0 . 4 4 6 4 . 9 2 x l 0 ~ 4 4 . 6 1 x l 0 " 4
0 . 5 1 4 8 . 1 2 x l 0 ” 5 8 . 7  8 x l o ” 5
T a b l e  A 4 .2  8 DATA PERTAINING TO PHOTOREACTIV AT ION OF






( 1 - P )
ht v’V — a th t - h 2 e
0 1 . 0 3 x 1  o""4 _ _ _
FLASH 3 . 0 2 x l 0 “ 4 0 .  8 6 6 / 1 . 0 0 - - -
0 . 5 7 . 5 x l 0 “ 4 0 .8 1 4 6 . 0 2 3 . 0 0 3 . 0 2
1 1 . 4 6 x l O _3 0 . 7 7 3 5 .5 3 2 . 8 3 2 . 5 3
2 4 .06x10**3 0 . 6  25 4 . 3 4 2 . 5 2 1 . 8 2
4 2 . 2 8 x 1  o""2 0 .3 7 6 2 . 6 1 2 . 0 1 0 . 6 0
6 5 .5 6 x l O - 2 0 . 2 4 8 1 . 7 2 1 . 5 9 5 0 . 1 2 5
8 8 . 5 0 x 1 O- 2 0 .1 8 7 1 . 2 9 1 . 2 6 0 . 0 3
12 1 . 3  2X10*"1 0 . 1 0 5 0 .8 5 3 - -
2 0 1 . 8 8 x 1 0_1 0 . 0 7  2 0 . 5 0 0 - -
3 0 2 . 3  8 x 1 0 - - - -
45 2 . 3  2 x 1 0 - - - -
6 0 3 . 1 0 x 1 0 _ _ _
T a b l e  A 4 .2 9  DATA PERTAINING TO PHOTOREACTIVATION OF






( 1 - P )
h t
tV 2 , , -  a_ t  h - h  e  2 t  2
0 7 . 9 x l O ~ 5 _ _ _
FLASH 1 . 7 5 x 1 O” 4 0 . 8 9 1 / 1 . 0 - - -
1 2 . 5 2 x 1 O” 4 0 . 9 4 5 6 . 1 4 3 . 8 8 2 . 2 6
2 6 .4 8x1 o'”4 0 . 8 0 0 5 .1 9 6 3 . 5 8 1 . 6 2
3 1 . 3 5 x l 0 ” 3 0 . 6  86 4 . 4 6 3 . 2 9 1 .1 7
4 2 .8 4 x 1  o""3 0 . 5 7  2 3 . 7 2 2 . 8 7 0 . 8 5
8 1 . 2 6 x l 0 “ 2 0 .3 4 3 2 .2 3 2 . 0 9 5 0 . 1 3  5
14 3 . 0 5 x l 0 “ 2 0 .2 0 7 1 . 3 4 - -
2 0 5 . 3 0 x 1  o""2 0 . 1 0 0 0 . 7 9 2 - -
3 0 8 . 2 x l O ~ 2 0 . 0 7 1 0 . 3 5 5 - -
4 0 1 . 1 4 x lO _1 0 .0 0 4 0 .1 5 7 - -
5 0 9 . 9 6 x 1 o” 2 0 .  025 0 . 1 6 1 - -
7 0 1 . 1 7 x 1  o""1














DATE PERTAINING TO PHOTOREACTIVATION OF 
ANAEROBICALLY-GROWN DY326 (FIG 3 . 2 3 c )
SURVIVING
FRACTION
( 1 - P ) h t
1 . 5 5 x l O - 4 _
2 . 2 5 x l O ~ 4 0 . 9 4 5 1 .0 1 4
2 . 5 x l 0 “ 4 0 . 9 3 0 0 . 9 0 8
3 . 3 x l O ~ 4 0 . 8 8 9 0 . 6 3 0
3 . 7 x l 0 ” 4 0 .8 7  2 0 . 5 2 0
3 . 9 x 1 0 ~ 4 0 . 8 6  5 0 .4 6 3
4 . 7 x l 0 " 4 0 .8 3 7 0 .2 7 7
5 . 2 x 1  O*"4 0 . 8 2 3 0 . 1 7 6
5 . 9 x l O ~ 4 0 . 8 0 4 0 . 0 4 9
6 .  2x1  o"*4 0 .7 9 7
T a b l e  A 4 .3 1  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED
WHEN AB248Q WAS GROWN AT 2 6 °C AND IRRADIATED WITH 
254 nm AND ONE PHOTOREACTIVATING FLASH (F IG .  
3 . 2 5 a ) .
EXPT INITIAL VIABLE FLUENCE SURVIVING FRACTION
N o. COUNT (m l" 1 ) ( J m '2 ) 254 nm FLASH
3 1 a 2 . 2 2 x l O ? 0 . 0 7  9 3 .8 9 x l O _1 8 .6  3x10*"
0 .1 5 7 1 . 0 9 x l 0 _ 1 6 .4  2x10**
0 . 2 3 5 2 . 42 x 1 o”2 4 . 8 7 x 1 0~*
0 . 3 1 4 5 . 1 4 x 1 0 ~ 3 2 . 6 4 x 1 O”
0 . 3  92 1 . 2 5 x 1 0 ~ 3 1.65x10*"
0 . 4 7 0 2 . 6 9 x 1 o " 4 9 .00x 1  o”
0 . 5 4 8 6 . 7 2x 1 0 “  5 5 . 4  Oxl 0*"
3 1 b 1 . 0 2 x 1 O7 0 . 0 7 7 3 . 4 6 x l O _1 7 .16x1  o”
0 . 1 5 5 8 . 2 6 x l 0 " 2 6 .  Oxl 0_
0 . 2 3 2 2 .19x1  o"*2 4 . 5 0 x 1 0 ”
0 . 3 1 0 4 .7 7 x l O ~ 3 2.80x10**
0 . 3 8 8 1 . 0 2 x l 0 ~ 3 1 . 3 0 x 1 0
0 .4 6 6 2 . 3 4 x l 0 “ 4 1 . 0 2 x 1 0~
0 .5 4 3 4 . 25 x 1 O” 5 4.80x10**
T a b le  A 4 .3  2 DATA PERTAINING TO TEE SURVIVOR CURVES OBTAINED 
-------------------------- ~7T~7rr r ~ ~  "...WHEN AS44 WAS GROWN AT 2 6 WC AND IRRADIATED WITH
25 4  nm AND ONE PHOTO RE ACTIVATING FLASH (FIG .
3 . 2 5 b ) .
EXPT INITIAL VIABLE FLUENCE SURVIVING FRACTION
No. COUNT (m l" 1 ) ( Jin"*2 ) 254 nm FLASH
3 2 a 7 . 2 3 x 1 O6 0 . 0 7  9 2 . 9 5 x 1 O- 1 6 . 9 l x l O ” 1
0 . 1 5 9 1 .0 7 x l 0 _1 3 . 5 0 x 1  O*"1
0 . 2 3 9 1 . 4 x l O - 2 1 . 7 1 x l O _1
0 . 3 1 9 3 . 4 6 x l 0 ” 3 7 . 6 OxlO"2
0 . 4 0 0 5 . 6 7 x l O ~ 4 3 . 4 6 x l 0 ” 2
0 . 4  81 1 . 2 4 x 1 0 ~ 4 1 .2 2 x 1 o” 2
0 . 5 6 1 2 . 0 3 x 1  o""5 4 . 5 5 x l O ~ 3
3 2b 5 . 1 3 x 1 0 6 0 . 0 7  9 2.14X10"*1 6 . 3 6 x l O _1
0 . 1 5 9 6 . 9 5 x 1 O” 2 4 . 1 2 x l O _1
0 . 2 3 9 1 . 7 7 x l 0 ” 2 2 . 0 3 x 1 O"1
0 . 3 1 8 3 . 6 4 x 1 O” 3 8 . 0 5 x 1 0 " 2
0 .3 9 7 6 . 5 x l 0 ” 4 3 . 8 2 x 1 O” 2
0 .4 7 7 1 . 4 0 x l 0 " 4 1 . 2 1 x l 0 “ 2
0 . 5 5 8 5 . 0 0 x 1  o"*5 7 . 3 4 x 1 O” 3
T a b l e  A 4 .3 3  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED
WHEN DY326 WAS GROWN AT 2 6 AND IRRADIATED WITH 
254  nm AND ONE HIOTOREACTIVATING FLASH (F IG .  
3 . 2 6 a ) .
EXPT INITIAL VIABLE ILUENCE SURVIVING FRACTION
N o. COUNT (m l” 1 ) ( J n f 2 ) 254 nm FLASH
3 3 a 2 . 9 2 x 1 O7 0 . 0 6  9 4 . 7 x l O _ 1 4 . 5 6 x 1 0 _1
0 .1 3 7 1 . 3 2 x 1 O '1 1 .4 1 x l 0 " ’1
0 .2 0 6 3 . 7 4 x l o “ 2 3 . 8 1 x l 0 ” 2
0 . 2 7 4 l .O O x lO - 2 9 . 6 9 x 1 0 ~ 3
0 .3 4 3 2 . 7  8x1 o ” 3 2 . 8 2 x 1 0 " 3
0 . 4 1 1 6 . 9 2 x 1 O"4 7 . 1 2 x 1  o ” 4
0 . 4  80 1 . 8 3 x l O ~ 4 1 . 6  2 x 1 0 ~ 4
33b 1 . 1 7 x 1 07 0 . 0 6  8 4 . 4 l x l O - 1 4 . 3 7 x 1 o” 1
0 .1 3 6 1 .2 0 X 1 0 ” 1 1 . 2 5 x lO _ 1
0 .2 0 4 3 . 2 2 x 1 O"2 3 . 6 0 x l 0 ~ 2
0 . 2 7 3 8 . 5 4 x 1 O” 3 9 . 5 l x l O " 3
0 . 3 4 6 2 . 1 0 x 1 0- 3 2 . 6  5x1 o ” 3
0 .4 1 4 6 . 5 7 x 1 0” 4 7 . 6 1 x l 0 ” 4
0 . 4 9 1 1 . 2 9 x 1 o” 4 1 . 2 1 x l 0 ” 4
T a b l e  A 4 .3 4  DATA PERTAINING TO THE SURVIVOR CORVES OBTAINED
WHEN AS46 WAS GROWN AT 2 6 WC AND IRRADIATED WITH
254  nm AND ONE PHOTO RE ACTIVATING FLASH (F IG .
3 . 2 6 b ) .
EXPT INITIAL VIABLE FLUENCE SURVIVING FRACTION
toZ COUNT (m l” 1 ) ( J ir f 2 ) 254 nm FLASH
3 4 a 7 . 8 7 x l 0 6 0 . 0 7  8 3 . 7 6 x 1 o” 1 3 . 6 0 x 1 0_1
0 . 1 5  8 8 . 2 7 x l O - 2 8 . 3  O xl O""2
0 . 2 3 7 1 . 8 5 x 1 0~*2 1 . 9 4 x 1  o""2
0 . 3  20 3 . 8 5 x 1 0 ~ 3 3 . 7 5 x l o “ 3
0 . 4 0 0 8 . 4  8 x 1 0 ” 4 9 . 7  8 x 1 0 " 4
0 . 4  80 1 . 8 7 x l 0 “ 4 1 . 7 1 x l 0 ' 4
0 . 5 6 2 3 . 9 5 x 1 O” 5 5 . 0 0 x l 0 ~ 5
34b 6 . 5 3 x 1 O6 0 . 0 6  9 4 . 9 0 x 1 O™1 l .S lx lo ”1
0 . 1 3 6 1 .3 4 X 1 0 ” 1 1 .2 6 X 1 0 " -1
0 .2 0 6 3 .4 3 X 1 0 - 2 3 . 5 9 x 1 O"2
0 . 2 7 3 9 . 3  5x1 o” 3 9 . 9 l x l o " 3
0 .3 4 3 2 . 4  Oxl O” 3 2 . 3 6 x l O _3
0 .4 1 4 6 . 0 6 x l 0 “ 4 6 . 0 4 x l 0 - 4
0 . 4  80 1 . 6  8 x l 0 ” 4 1 . 6  2 x 1 o” 4
T a b l e  A 4 .3 5 a  DATA PERTAINING TO PHOTO RE ACT IV AT ION OF AB2480






( 1 - P )
h t
 ^ - a ^ t  
2® 2 h t f  V
0 1 . 4 x l 0 “ 4 _ _ _
FLASH 3 . 5 x l O - 3 0 . 5 0 / 1 . 0 0 - - -
0 . 2 5 1 . 6  8 x 1 0 ~ 2 0 . 6 6 1 2 . 8 1 - -
0 . 5 0 3 . 3 9 x 1 O"2 0 . 5 1 0 2 . 1 1 -
1 . 0 8 . 7 l x l O " 2 0 . 3 1 0 1 . 6 4 5 -
2 . 0 1 . 8 x 1 0 0 . 1 8 9 0 . 4 4 2 - -
3 . 0 2 . 4 x 1 0 0 . 1 1 6 0 . 1 5 4 -
4 . 0 2 . 7 x l o _ 1 0 . 1 1 2 0 . 0 3 6 - -
5 . 0 2 .  8 x 1 0 0 . 1 0 7 - -
7 . 0 2 . 7  5 x 1 o” 1 0 . 0 6 7 - - -
1 0 . 0 2 . 8 7 x 1 O"1 0 . 0 4 9 - -
15 3 .6 X 1 0 ” 1 0 . 0 3 6 - -
2 0 3 . 0 2 x 1  o'* - - - -
25 3 . 3 7 x l O _ 1 - - ~ -
3 0 3 . 2  8 x 1 0 _ _ _
T a b l e  A4 . 3 5b DATA PERTAINING TO PHOTOREACTIVATION OF AB2480






( 1 - P )
hfc h 2 e" V
0 1 . 8 x 1 0 ~ 4 _ _
FLASH 4 . 6 x l O ~ 3 0 . 5 6 / 1 . 0 0 2 .2 7 - -
0 . 2 5 3 . 0 5 x l 0 ” 2 0 . 5 5 1 . 7 2 - -
0 . 5 0 5 . 3 0 x 1 0 ~ 2 0 . 4 1 1 . 3 0 - -
1 . 0 1 .  lx io""1 0 . 2 4 0 0 . 9 9 - -
2 . 0 2 . 1 5 x 1 0” 1 0 .0 7 7 0 . 3 2 - -
3 . 0 2 .6 6 X 1 0 ” 1 0 .  026 0 .1 0 7 - -
4 . 0 2 . 8 6 x 1 0 0 . 0 0 8 0 . 0 3 5 - -
5 . 0 2 . 9 0 x 1 0 0 .  005 0 . 0 2 0 - -
7 . 0 2 . 9 6 x 1 0 - - - -
1 0 2 . 9 5 x 1 0 - - - -
15 3 . 1 6 x 1 0 - - - -
2 0 3 . 0 8 x 1  o” - - - -
25 2 . 9 0 x 1 0 - - - -
3 0 2 . 9 5 x 1 0 _ _
T a b l e  A 4 .3 6 a  DATA PERTAINING TO PHOTOREACTIVATION OF AB2480
GROWN AT 3 0 WC ( E x p t .  3 6 a )
- a  t - a  t
PR TIME SURVIVING CORRECTED h h „ e  2 t  2 h - h  e 2 t  2
(m in ) FRACTION ( 1 - P )
0 2 . 9 7 x l 0 ’ 4 - - - -
FLASH 1 . 1 4 x 1  o”"3 0 . 8 1 / 1 . 0 - - -
0 . 2 5 1 . 2 9 x l o ” 2 0 . 4 7 4 3 . 3 9 6 2 . 5 5 8 0 . 8 3  8
0 . 5 0 2 . 2 0 x l 0 “ 2 0 . 4  22 2 . 8 6 0 2 .3 1 9 0 . 5 4 1
1 4 . 7 l x l o ’ 2 0 . 3 6 1 2 . 1 0 0 1 . 9 0 6 0 . 1 9 4
2 9 . 8 3 x 1 o ’ 2 0 . 2 3 4 1 . 3 6 5 1 . 2 8 8 0 . 0 7 7
3 1 . 5 7 x l 0 _ 1 0 . 1 2 5 0 .8 9 7 - -
4 1 . 9 4 x 1 O’ 0 . 1 1 8 0 . 6  85 - -
5 2 . 6 0 x 1 0 ’ 0 . 0 3 9 0 . 4 7  2 - -
7 3 . 1 4 x 1 0 0 . 0 3 5 0 .2 0 4 - -
1 0 3 . 2 5 x 1 0 ’ - - - -
15 3 . 3 1 x 1 0 - - - -
2 0 3 .  8x1 o ’ - - - -
25 3 . 8 5 x 1 O’ 1 - - - -
3 0 3 . 8 5 x 1 0  . _ _ _ _
T a b l e  A 4 .3 6 b  DATA PERTAINING TO PHOTOREACTIVATION OF AB2480
GROWN AT 3 0  C ( E x p t .  3 6 b )
- a  t - a t
PR TIME SURVIVING CORRECTED h h e  2 t  2 h t - h 2 e  2
(m in ) FRACTION ( 1 - P )
0 2 . 86x l o ’ 4 - - - -
FLASH 1 . 2 1 x l o ’ 3 0 . 8 0 / 1 . 0 0 - - -
0 . 2 5 1 . 2 6 x 1 o’ 2 0 . 5  8 3 . 4 2 2 2 .6 8 2 0 .7 3 6
0 . 5 0 2 . 3 l x l o ’ 2 0 . 4 7  2 2 .8 1 6 2 . 4 3 8 0 . 3 7  8
1 . 0 4 . 5 6 x l 0 ~ 2 0 . 3  50 2 . 1 3 6 2 .0 0 8 0 . 1 2 8
2 . 0 1 . 0 1 x 1 0 0 . 2 1 0 1 . 3 4 1 - -
3 . 0 1 . 6 3 x 1 0 0 . 1 2 2 0 . 8 6  2 - -
4 1 . 9 0 x 1 0 0 .  094 0 . 7 0 9 - -
5 2 . 5 6 x 1 0 0 . 0 4 1 0 . 4 1 1 - -
7 3 . 1 8 x 1 0 0 .  002 0 . 1 9 4 - -
1 0 3 . 2 2 x 1 0 - - - -
15 3 .  O l x i o ” - 0 . 2 4 9 - -
2 0 2 .96x10*" - 0 . 2 6  5 - -
25 3 . 8 6 x 1 0 - - - -
3 0 3 . 2 x 1  O’ _ _ _ —
T a b le  A 4 .3 7 a  DATA PERTAINING TO PHOTOREACTIVATION OF AS44






( 1 - P )
ht
h t - h 2 e a 2
0 7 . 2 7 x l o “ 5 _ _
FLASH 1 . 0 8 x l 0 “ 3 0 . 6 6 / 1 . 0 - - -
0 . 5 6 . 4 7 x l 0 “ 3 0 . 6 6 3 . 4 5 1 1 . 7 7 6 1 . 6 7 5
1 9 . 6 4 x 1 O’ 3 0 . 5 8 2 3 . 0 5 2 1 . 6 6 2 1 . 3 9 0
2 1 .  83xlo""2 0 . 4 6 0 2 . 4 1 1 1 . 4 5 5 0 .9 5 6
3 3 . 2 3 x l 0 ~ 2 0 . 3  52 1 .8 4 3 1 .2 7 4 0 . 5 6 9
4 5 . 2 2 x 1 O- 2 0 . 2 6 0 1 . 3 6 3 1 .1 1 6 0 .2 4 7
6 9 . 0 3 x 1 0 ~ 2 0 . 1 5 6 0 . 8 1 5 0 .9 7 7 4 0 . 1 6 6 6
8 1 . 1 2 x 1 o” 1 0 . 1 1 4 0 . 6 0 0 - -
1 0 1 . 2 1 x 1 0 0 . 0 9 9 0 . 5 2 2 - -
15 1 . 5 1 x 1  o""1 - - - -
20 1 .6 7 X 1 0 ” 1 - 0 . 1 2 5 - -
25 1 .8 7 X 1 0 ” 1 - - - -
3 0 1 . 9 3 x 1 0 _1 - - - -
45 2 . 0 4 x 1 0 - - - -
6 0 1 . 9 3 x 1 o ” 1 _ _
T a b le  A 4 .3 7 b  DATA PERTAINING TO PHOTOREACTIVATION OF AS44
GROWN AT 2 6 °  (EXPT 3 7 b )
PR TIME SURVIVING CORRECTED h h e ” a 2 fc 
t  2 h t - h 2 e‘ “ 2 ‘
(m in ) FRACTION ( 1 - P )
0 9 . 2 6 x l 0 " 5 - - - -
FLASH 1 . 2  Oxl O**2 0 . 6 8 / 1 . 0 - - -
0 . 5 2 . 7 OxlO” 3 0 . 8 5 4 . 4 2 . 5 2 1 . 8 8
1 6 . 1 0 x 1 0 ~ 3 0 . 7 0 3 . 5 8 2 . 3 4 1 . 2 4
2 1 . 5 6 x l 0 “ 2 0 . 5 2 2 . 6 5 2 . 0 3 0 . 6 2
3 3 . 6 8 x 1 O- 2 0 . 3 6 1 . 7 9 1 . 7 6 2 0 .  0 2 8
4 4 . 7  9 x l 0 “ 2 0 . 3 1 1 . 5 2 - -
6 6 . 5 6 x 1 0 ” 2 0 . 2 5 1 . 2 1 - -
8 1 . 0 2 x 1 0 0 . 1 7 0 . 7 7 - -
1 0 1 .  2 x 1 0 0 . 1 4 0 . 6 1 - -
15 1 . 6 4 x l O _1 - 0 . 2 9 - -
2 0 1 .7 6 X 1 0 ” 1 - 0 . 2 2 - -
3 0 2 . 1 3 x 1 O” 1 - 0 . 0 3 - -
45 2 . 1 6 x 1 0 - 0 .  02 - -
6 0 2 . 5 2 x 1 0 _ _ _ —
T a b l e  A 4 .3  8 a  DATA PERTAINING TO PHOTOREACTIVATION OF AS44
GROWN AT 3Q°C ( E x p t .  3 8 a )
?R TIME 




( 1 - P )
h t
- a t  
2 6  2 h - h . e " 0^  t  2
0 5 . 1 0 x 1 O” 5
FLASH 3 . 3 OxlO” 4 0 . 7 7 / 1 . 0 0 - - -
1 5 . 5 7 x 1 O"4 0 . 8 2 5 . 8 5 2 . 8 2 3 . 0 3
2 1 .  l l x l o ” 3 0 . 7 3 5 . 1 6 2 . 5 9 2 . 5 7
3 2 . 9  8 x 1 0- 3 0 . 5 9 4 . 1 7 2 . 3 7 1 . 8 0
4 5 . 7  5 x 1 0 _3 0 . 4 9 3 . 5 2 2 . 1 8 1 . 3 4
6 1 . 5 3 x 1 o” 2 0 . 3 6 2 . 5 4 1 . 8 3 0 . 7 1
8 2 . 9 2 x l 0 “ 2 0 . 2 7 1 . 8 9 1 . 5 4 0 . 3 5
1 0 5 . 2 0 x 1 O” 2 0 . 1 9 1 . 3 2 - -
15 8 . 4 9 x 1 O” 2 - 0 .8 3 - ■ •-
2 0 l . O l x l o ” 1 - 0 .5 6 - -
3 0 1 . 5  2 x 1 0_1 - - - -
45 1 . 6  9X10” 1 - - - -
6 0 1 . 9 4 x lO _1
T a b le  A4 . 3 8b DATA PERTAINING TO PHOTOREACTIVATION OF AS44






( 1 - P )
h t
w “ Ct0 1h 2 e  2 W ~ “ 2
0 8 . 7 x l O ~ 5 _
FLASH 2 . 3 l x l O " 4 0 .  8 7 / 1 . 0 - - -
0 . 5 3 . 4 l x l O ” 4 0 . 9 4 6 . 1 3 2 . 7 8 2 . 3 3
1 9 . 4 2 x 1 O"4 0 . 7  8 5 . 1 1 2 . 4 9 1 . 7 4
2 2 . 2 7 x 1 O” 3 0 . 6  5 4 . 2 3 2 . 2 4 1 . 1 8
3 5 . 1 0 x 1  o""3 0 . 5 3 3 . 4 2 2 . 0 0 0 . 8 8
4 8 . 7 7 x 1 O"3 0 . 4 4 2 . 8 8 1 . 6 2 0 . 5 0
6 1 . 8 7 x l 0 “ 2 0 . 3 3 2 . 1 2 1 . 3 0 0 . 2 3
8 3 . 3 8 x 1 O” 2 0 . 2 4 1 . 5 3 - -
1 0 5 . 6  8 x l 0 “ 2 0 . 1 6 1 . 0 1 - -
15 8 . 4 l x l 0 ~ 2 0 . 0 9 0 . 6 1 - -
2 0 9 . 7 4 x 1 O” 2 - 0 . 3 5 - -
25 1 .1 4 X 1 0 ” 1 - 0 . 2 4 - -
3 0 1 . 4 0 X 1 0 ” 1 - - - -
45 1^3 6x1  o'"1 - - - -
6 0 1 . 5 6 x 1 0_1 _
T a b le  A 4 .3 9 a  DATA PERTAINING TO PHOTOREACTIVATION OF DY326






( 1 - P )
h t
V - “ 2 fc
- a  ' 
t*" 2 6 2
0 4 . 0 0 x 1 O"5
1 0 1 . 2 5 x l 0 " 4 0 . 8 4 3 . 1 2 . 2 7 0 . 8 3
2 0 3 . 2 0 x 1 O” 4 0 . 7 4 2 .1 7 1 . 8 1 0 . 3 6
3 0 5 . 3 O x l0 ~ 4 0 . 6 6 1 . 6 6 1 . 4 4 0 . 2 2
4 0 8 . 0 0 x 1 0 ~ 4 0 . 6 2 1 . 2 5 1 .1 5 3 0 .0 9 7
6 0 1 . 3 5 x 1 0“ 3 0 . 5 5 0 . 7 3 - -
80 1 . 7 6 x l O - 3 0 . 5 4 0 .4 6 - -
1 0 0 2 . 0 5 x 1 O '3 0 . 4 9 5 0 . 3 1 - -
1 2 0 2 . 3 x l O ~ 3 0 . 4 9 0 .1 9 6 - -
1 5 0 2 . 5 5 x 1 O- 3 0 .4 7 0 . 9 3 - -
1 8 0 2 . 8 x l 0 “ 3 __
T a b le  A 4 .3 9 b  DATA PERTAINING TO PH OTORE ACT IV AT ION OF DY326
GROWN AT 2 6 UC (E xp t . 3 9 b )
PR TIME SURVIVING CORRECTED
h t  V ’
a t  
2
- a t  h - h  e 2 
t  2
(m in ) FR ACT ION ( 1 - P )
0 3 . 9 9 x l O ~ 5 _ _
1 0 l . O l x l O - 4 0 . 8 8 3 . 3 4 1 . 0 6 2 . 2 8
2 0 3 . 9 l x l O ” 4 0 . 7 4 1 . 9 9 0 . 8 7 3 1 . 1 2
3 0 6 . 8 x 1 0 ~ 4 0 . 6 4 1 . 4 4 0 . 7 1 6 0 . 7 2 4
4 0 1 . 0 7 x 1 0 ~ 3 0 . 5 8 0 . 9  8 0 . 5 9 0 . 3 9
6 0 1 . 4 3 x 1 0 ~ 3 0 . 5 5 0 . 6  9 - -
80 2 . 0 6 x 1 0 ~ 3 0 . 5 0 0 . 3 3 - -
1 0 0 2 . 4 2 x 1 O” 3 0 . 4  8 0 . 1 7 - -
1 2 0 2 . 5 5 x l O ~ 3 0 . 4 7 0 . 1 1 5 - -
1 5 0 2 . 6 2 x 1 O- 3 0 . 4 7 1 - - -
1 8 0 2 .7  9x1 o""3 0 . 4 6 3
T a b l e  A 4 .3  9 c  DATA PERTAINING TO PHOTOREACTIVATION OF DY326






( 1 - P )
h t
. - a .  t  
2 6 2
- a
t  2 e :
0 2 .  l l x l  o""5 _ _ _
1 0 8 . 2 0 x 1 O” 5 0 .  84 3 . 2 0 1 . 9 8 1 . 2 2
2 0 2 . 0 0 x 1 O” 4 0 . 7 3 2 . 3 0 1 . 5 3 0 . 7 7
3 0 4 . 2 0 x l 0 ~ 4 0 . 6 5 1 . 5 6 1 . 1 9 0 .3 7
4 0 7 . 0 0 x 1 O- 4 0 . 5 9 1 . 0 5 0 . 9 2 0 .1 3
6 0 1 . 2 0 x l 0 ~ 3 0 . 5 2 0 . 5 1 - -
80 1 . 5 1 x l 0 ~ 3 0 . 4 9 0 . 2 9 - -
1 0 0 1 . 6 5 x 1 0“ 3 0 . 4  8 0 . 1 9 - -
1 2 0 1 . 7 7 x 1 0 “ 3 0 .4 7 7 0 . 1 3 - -
1 5 0 1 . 8 1 x 1 0 ~ 3 0 .4 7  4 - - -
1 8 0 2 . 0 8 x l 0 ~ 3 0 .4 5 7
T a b le  A 4 .4  0  DATA PERTAINING TO THE PHOTOREACTIVATION OF DY326
GROWN AT 3Q^C (EXPT 4 0 a ,  b)~
PR TIME E xp t . 4 0 a E xpt . 4 Ob
( m in ) S/ S o ( 1 - P ) h t S/ S o  ( 1 - P ) h t
0 7 . O l x l 0 ~ 5 — _ 8 . 6 0 x l 0 " 5
2 0 1 .  l l x l 0 _4 0 .  84 2 . 3 1 1 . 3 6 x l O - 4 0 . 9 4 1 . 9 5
4 0 2 . 2 0 x l 0 ~ 4 0 . 7 6 1 . 6 3 4 . 2 3 x l 0 ” 4 0 . 7 7 0 . 8 2
6 0 4 . 0 0 x 1 O” 4 0 . 6  8 1 .0 3 6 . 7 6 x l 0 “ 4 0 . 7 1 0 . 3 5
80 6 . 0 5 x 1 O” 4 0 . 6  2 0 . 6 2 8 . 2 6 x l 0 “ 4 0 . 6  8 0 . 1 5
1 0 0 7 . 7 5 x l 0 “ 4 0 . 5 8 0 . 3 7 9 .04x1  o""4 0 . 6 7 0 . 0 6
1 2 0 9 . 1 9 x 1 O"4 0 . 5 7 0 . 2 2 9 . 3 4 x 1 0 ” 4 0 . 6 6 0 . 0 2 6
1 5 0 1 . 0 7 x l 0 ” 3 0 . 5 5 0 . 0 5 9 . 6 x l 0 ” 5 0 . 6 6 -
1 8 0 1 . 1 2 x 1  o""3 - - 9 . 5 x 1 O’ 5 0 . 6 6 -
T a b l e  A 4 .4 1  DATA PERTAINING TO THE PHOTOREACTIVATION OF AS46
GROWN AT 2 6 ° C  (EXPT 4 1 a , b )
PR TIME E x p t . 4 1 a E xpt . 41b
( m in ) S/ S o ( 1 - P ) \ S/ S o  ( 1 - P ) h t
0 3 . 2 x l O - 5 3 . 9 2 x 1 O"5
2 0 6 . 5 x l 0 ” 5 0 . 9 1 5 2 . 2 2 5.26xlO ~"5 0 . 9 6 2 . 2 1
4 0 1 .  5x1  o"*4 0 . 8 2 1 . 3 9 7 . 4 1 x l 0 “ 5 0 . 9 2 1 . 8 6
6 0 3 . l x l 0 ~ 4 0 . 7 3 7 0 . 6 6 3 .4  9x1 o""4 0 . 7 2 0 . 3 3
80 4 . 6 x l 0 “ 4 0 . 6 9 0 0 . 2 7 4 . 0 4 x 1 0 ~ 4 0 . 7 0 0 . 1 7
1 2 0 5 . 6 x l 0 ” 4 0 . 6 8 8 - 3 . 7 x l 0 “ 4 0 . 7 1 0 . 2 3
1 5 0 5 . 8 x 1 0 ~ 4 0 . 6 7 0 - 4 . 7  8 x 1 0 ~ 4 0 . 6 8 -
1 8 0 5 . 7 x l 0 “ 4 4 . 3 5 x 1 O- 4 0 . 6 9
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T a b l e  A 4 .4  2 DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED WHEN
AB24 8Q WAS IRRADIATED AT 313  nm IN THE PRESENCE OF 0.1% 
ACETOFHENONE AT O^C, THE INACTIVATION PARAMETERS OF 
WHICH ARE GIVEN IN TABLE 3 . 1 2
EXPT INITIAL VIABLE CORRECTED SURVIVING FRACTION
- 1  -2  N o . COUNT (m l ) FLUENCE (Jm ) 313 nm FLASH
4 2 a  8 . 5 x l 0 6 1 5 . 7 8 1 . 9 0 x l o ’ * 6 . 3 5 x 1 o ’
3 1 . 5 4 1 .9 0 x 1 0 " ^ 2 . 9  8x1 O’
4 7 . 3 2 7 . 0 2 x 1 0  2 1 . 1 4 x 1 0  ;_2
F l u e n c e  r a t e  ~ 1 . 9 9  Wm 6 2 . 9 3 2 .1 6 x 1  o” ^ 6 . 2 0 x 1  O’ !
7 8 . 6 6 6 . 7 8 x 1 o’ ^ 2 . 1 x 1 0 ” :
9 4 . 3 9 2 . 3 6 x 1 o” ^ 2 . 3  8x1 O’ :
1 2 5 . 8 6 3 . 5 3 x 1 0 ’ * 4 . 8 6 x 1 0 ” :
1 5 7 . 3 2 5 . 6  5 x 1 0 1 . 4 3 x 1  o”'
42b 1 . 1 7 x 1 O6 1 6 . 8 6 . 9 6 x 1 0 ” ?” 6 . OOx IO’
3 3 . 6 1 . 4 6 x 1 0 ’ * 2 . 6 l x l o ”
5 0 . 4 4 . 9 2 x 1 0 ” ^ 1 . 2 2 x 1 0_2
F l u e n c e  r a t e  ~ 1 . 9 6  Wm 6 7 . 2 1 . 6 7 x 1 o ” ^ 5 . 8 5 x 1 O’
8 4 . 0 1 .  8 9 x l o ” ^ 2 . 6  8x1 O’
1 0 0 . 8 1 .8 9 x 1 0 " ^ 1 . 4  Oxl O’
1 1 7 . 6 6 . 3 7 x 1 0 7 . 5 2 x 1 O”
4 2 c  1 . 0 4 x l 0 6 1 4 . 9 8 4 . 5 7 x 1 o ’ *
2 9 . 9 5 1 . 7 6 x 1 0 -
4 4 . 9 3 7 . 2 7 x 1 0  2 -—2F l u e n c e  r a t e  “ 1 . 6 4  Wm 5 9 . 7 5 2 . 6 2 x 1 O” ^ -
7 4 . 6 9 9 . 4 2 x l o ’ -
8 9 . 6 0 3 . 5 1 x 1 0 “ ^ -
1 0 4 . 5 6 1 . 5 4 x 1 0 -
42d  9 . 7 x l 0 6 3 2 . 3 8 1 . 3  9 x l o ’ * _
6 6 . 7 6 1 . 7  8 x 1 o ’ ^ -
9 7 . 1 5 3 . 3 x 1 0 ’ ^ -
- 2F l u e n c e  r a t e  ~ 1 . 9 7  Wm
1 2 9 . 5 3 2 . 7 6 x 1 0
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T a b l e  A 4 .4 3  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED WHEN 
AS44 WAS IRRADIATED AT 313 nm IN THE PRESENCE OF 0.1%  
ACETOFHENONE AT O^C, THE INACTIVATION PARAMETERS ~0F
WHICH ARE GIVEN IN TABLE 3 . 1 2
EXPT INITIAL VIABLE CORRECTED
- 1  - 2
SURVIVING FRACTION
N o. COUNT (ml ) FLUENCE (Jm ) 313 nm FLASH
4 3 a 7 . 4 3 x 1 0 1 2 . 2 4 . 9 3 x 1 0~ I* 6 .3  2x10*" I"
2 4 . 4 1 . 5 3 x 1 0  ^ 2 . 1 5 x 1 0
3 6 . 6 4 . 9 8 x 1 0  ^ 7 . 1 7 x 1  o ’ ^
FI ue n e e r a t e  ~ 2 . 0 0  Wm 4 8 . 8 1 .5 1 x 1 0 * ” ir 1 . 5 7 x 1 0
6 1 . 0 5 . 5 6 x 1 0  ^ 1 . 1 3 x 1 0
7 3 . 2 1 .  8 2 x 1 0~^ 4 . 4 6 x 1 0
97 .6 3 . 7 7 x 1 0 7 . 1 8 x 1 0 ”
1 2 2 . 0 6 . 3 7 x 1 0 -
43b 8 . 9 x l 0 6 1 2 .1 5 3 . 7 x l o “ * 5 . 2 x l o ’ *
2 4 . 2 9 1 . 3 4 x 1 0  2 2 . 3 1 x 1 0  ^
— 2 3 6 . 4 4 4 . 7 2 x 1 0 ”*^ 8 . 5 2 x 1 0
F l u e n c e r a t e  ~ 2 . 0 0  Wm 4 8 .4 7 1 . 7  2 x 1 0 ’ ^ 2 . 2 1 x 1 0
6 0 . 5 8 6.16x10*"^ 1 . 1 1 x 1 0 ’ ^
7 2 . 6 9 2 . 2 1 x 1 o ’ ^ 3 . 8 1 x 1 o” ^
9 6 . 9 2 2 . 8 3 x 1 o’ ^ 3 . 7 6 x 1 0
1 2 1 .1 6 3 . 6 2 x 1 0 -
4 3 c 5 . 7 x l 0 6 2 5 . 6 2 1 . 0 0 x 1 O” ^
—2 5 1 . 2 4 1 . 0 8 x 1 0  *
-
F l u e n c e r a t e  “ 1 . 7 5  Wm 7 6 . 8 6 1 . 2 3 x 1  o ’ ^ -
1 0 2 .4  8 1 . 4  8x1 O’ -
43d 7 . 7 x l 0 6 2 6 .1 5 2 . 3 2 x 1 o ’ * _
— 2 5 2 . 3 0 2 . 4 3 x 1 0  *
-
F l u e n c e r a t e  ~ 1 . 7 5  Wm 7 8 . 4 5 1 . 9 7 x l O _ * -
1 0 5 . 6 0 2 . 4 3 x 1 0
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T a b l e  A 4 .4 4  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED WHEN
DY326 WAS IRRADIATED AT 313 nm IN THE PRESENCE OF 0.1%  
ACETOPHENONE AT O^C, THE INACTIVATION PARAMETERS OF
WHICH ARE GIVEN IN TABLE 3 . 1 2
EXPT INITIAL VIABLE CORRECTED SURVIVING FRACTION
No. COUNT (in i’”1 ) FLUENCE (Jm” 2 ) 313 nm FLASH
4 4 a 1 . 3  8 x 1 0 1 2 .2 4 . 7 5 x 1 0  * 5 . 1 6 x 1 0 ” ^
_ 2 2 4 .4 2 . 4 5 x 1 O” 1 2 . 4 4 x 1 O’ 1
F l u e  nee r a t e  “ 2 . 0 0  Wm 3 6 . 6 l . O x l o ” 1 1 .  l l x l o ” 1
4 8 . 8 4 .6 3 X 1 0 ” 2 4 . 6  Oxl 0 ”
6 1 . 0 2 . 2 x l 0 ” 2 2 . 1 9 x 1 O” 2
7 3 . 2 1 . 0 2 x 1 0  2 1 .  0 3 x 1 0 ”
9 7 .6 2 .2 3 x 1  o” ^ 3 . 8 3 x 1 0
1 2 2 . 0 5 . 2 3 x 1 0 -
44b 5 . 7  3 x 1 0 6 2 3 .0 5 3 . 3 2 x 1 0_ 1 2 . 6 l x l o ” 1
4 6 . 1 0 6 . 4 3 x 1 0 6 . 4 l x l O ” 2
FI ue nee r a t e  ~ 1 . 9 9  Wm 2 6 9 .1 6 1 . 2 5 x 1 o ” 2 1 . 2 3 x 1 0  2
9 2 . 2 0 2 . 4 2 x 1 0 ” ^ 2 . 5 0 x 1 o ” ^
1 1 5 . 2 5 4 . 7 0 x 1 0 4 . 6  8 x 1 0
4 4 c 6 . 8 7 x 1 O6 3 3 . 0 0 1 . 8 1 x 1 0 _1 _
_2 6 6 . 0 0 2 . 1 5 x 1 o” 2 -
F l u e n c e r a t e  ~ 2 . 1  Wm 9 9 . 0 0 1 . 9 0 x 1 o” ^ -
1 3 2 . 0 0 2 . 6 2 x 1 0 -
44d 1 . 4 7 x l 0 7 2 3 . 0 0 1 .4 4 X 1 0 ” 1 _
— 2 4 6 . 1 2 4 . 3 5 x 1 0  2
-
F l u e n c e r a t e  ~ 1 . 9 9  WM 6 9 . 2 0 8 . 1 5 x 1 0“ ^ -
9 2 .2 3 1 . 5 3 x 1 0
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T a b l e  A 4 .4 5  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED WHEN
AS46 WAS IRRADIATED AT 313 nm IN THE PRESENCE OF 0.1%
ACE TO PH EN ONE AT O^C, THE INACTIVATION PARAMETERS OF
WHICH ARE GIVEN IN TABLE 3 . 1 2
EXPT INITIAL VIABLE CORRECTED SURVIVING FRACTION
- 1 2
N o. COUNT (ml ) FLUENCE ( Jm~ ) 313 nm FLASH
6 - 1 - 1
4 5 a 5 . 8 7 x 1 0 1 3 . 1 2 . 3 0 x 1 0 2 . 4 1 x 1 0
- 2 - 22 6 . 2 6 . 2 5 x 1 0 6 . 6 1 x 1 0
- 2 - 2 . - 2F l u e  n ee r a t e  2 . 0 1  Wm 3 9 . 3 1 . 6 5 x 1 0 1 . 5 6 x 1 0
- 3 - 3
5 2 . 4 4 . 0 1 x 1 0 4 . 3 0 x 1 0
- 4 - 4
6 5 . 5 7 . 5 0 x 1 0 7 . 6 9 x 1 0
- 4 - 47 8 . 6 2 . 3 2 x 1 0 2 . 9 0 x 1 0
- 5 - 5
9 1 .7 5 . 6 0 x 1 0 6 . 0 4 x 1 0
6 - 1 - 145b 4 . 8 0 x 1 0 1 1 . 4 3 . 6  8 x 1 0 4 . 0 3 x 1 0
- 1 , - 2
2 2 . 8 1 . 0 6 x 1 0 9 . 3 0 x 1 0
- 2 - 2 ,  ,  - 2FI ue n e e r a t e  ~ 1 . 9 9  Wm 3 5 . 0 3 . 2 8 x 1 0 3 . 7 9 x 1 0
- 3 , - 3
5 6 . 9 2 . 8 4 x 1 0 3 . 0 9 x 1 0
- 4 «  ^ .  - 4
6 8 . 4 7 . 9 6 x 1 0 8 . 0 5 x 1 0
- 5
7 9 . 8 9 . 1 6 x 1 0
6 - 2
4 5 c 6 . 1 7 x 1 0 2 3 . 1 8 . 7 2 x 1 0 •*
- 34 6 . 2 7 . 2 7 x 1 0
- 2 -  . - 4F I u e n c e r a t e  ~ 2 . 1  Wm 6 9 . 3 6 . 0 7 x 1 0 •
- 5
9 2 .4 5 . 0 6 x 1 0
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T a b l e  A 4 .4 6  DATA PERTAINING TO PHOTOREACTIVATION OF A C P /313  nm PV






( 1 - P )
h t v - v
h - h  e a2 t  t  2
0 2 . 7 6 x l 0 “ 4 — _ _ _
FLASH 2 . 9 5 x 1  O*"3 0 . 6 6 / 1 . 0 0 - - -
0 . 2 5 4 . 8 6 x l O ~ 3 0 . 8 9 4 . 1 9 2 . 2 5 1 . 9 4
0 . 5 0 7 . 9 7 x l 0 “ 3 0 . 7 9 3 . 7 0 2 . 1 7 1 . 5 3
0 . 7 5 I . I O xIO "2 0 . 7 2 3 . 3 7 2 . 0 9 1 . 2 8
1 . 5 0 4 . 2 1 x l O ~ 2 0 . 4 3 2 .3 7 1 .8 6 0 . 5 1
3 6 . 3 4 x l 0 ” 2 0 . 3 5 1 . 6 2 1 . 4 8 0 . 1 4
5 l . l x i o " 1 0 . 2 3 1 .2 3 - -
9 1 .  80x 1  o""1 0 . 1 6 0 . 5 8 - -
14 2 . 5 2 x 1 0 0 .  05 0 . 2 4 - -
2 0 2 . 1 8 x 1 0_1 0 .  08 - - -
3 0 3 . 2 l x l O ’ 1 — _ _
ACP “ A c e to p h e n o n e
T a b l e  A 4 .4 7  DATA PERTAINING TO P50T0REACTIVATI0N OF A C P /313  nm UV






( 1 - P )
h t
-  a^ t  
2 6  2
, . -  a_ t  h ^ - h 0 e  2 
t  2
0 1 . 4 8 x 1 0 ~ 4 _ _ _
FLASH 2 . 2 1 x 1  o""4 0 . 7 5 / 1 . 0 - - -
1 7 . 9 4 x 1 0 - 4 0 . 8 1 4 . 8 4 2 . 3 3 2 . 5 1
2 1 . 5 0 x l 0 “ 3 0 . 7 2 4 . 2 0 2 . 1 8 2 . 0 2
3
4
3 . 1 8 x 1 0 3
4 . 5 3 x l 0 “ 3
0 . 6 1
0 . 5 6
3 . 4 5
3 . 0 9
2 . 0 5
1 . 9 2
1 . 4 0
1 .1 7
8 1 . 8 1 x 1 o”2 0 . 3 5 1 . 7 1 1 . 4 8 0 . 2 3
14 3 . 7 1 x l 0 ” 2 0 . 2 5 0 . 9 9 - -
2 0 5 . 1 0 x 1 O” 2 0 . 2 0 0 . 6 7 - -
3 0 6 . 9 4 x 1 O"2 0 . 1 6 0 . 3 7 - -
45 8 . 5 9 x 1 O” 2 0 . 1 2 0 . 1 9 - -
6 0 1 . 2 9 x 1 0 _ 1
ACP ~ A c e to p h e n o n e
358
T a b l e  A 4 .4  8 DATA PERTAINING TO PHOTOREACTIVATION OF A C P /313  nm UV
IRRADIATED DY326 ( F i g .  3 .3 6 )
PR TIME SURVIVING 1 - P
h t
(m in ) FRACTION
0 1 . 8 6 x l 0 “ 4 —
2 0 2 . 1 5 x 1 0 ~ 4 0 . 9 7  8 0 .8 8 3
4 0 2 . 3 5 x 1 0- 4 0 . 9 6 5 0 . 7  94
6 0 2 . 8 5 x 1 O” 4 0 .9 3 6 0 . 6 0 1
8 0 3 . 2 0 x l 0 - 4 0 .9 1 9 0 . 4  86
1 0 0 3 . 8 0 x l 0 ” 4 0 .8 9 3 0 .3 1 4
1 2 0 4 . 2 0 x l 0 ” 4 0 . 8 7  8 0 .2 1 4
1 5 0 5 . 0 0 x 1 O” 4 0 . 8 5 0 0 . 0 3  9
1 8 0 5 . 2 0 x l 0 ~ 4 0 .8 4 6 -
ACP ~ Ace to p h  e n o n e
T a b l e  A 4 .4 9  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINEDrorWHEN AS46/PBR3 22 GROWN AT 37 C WAS IRRADIATED AT 
254  nm. THE SURVIVAL PARAMETERS ARE INCLUDED IN 
TABLE 4 . 3
EXPT
No.
INITIAL VIABLE 254 nm FLUENCE FLUENCE SURVIVING
FRACTIONCOUNT (m l” 1 ) RATE (Wm” 2 ) (Jm” 2 )
0 .0 7 3 . 1 3 x 1 0” 1
0 . 1 4 1 9 . 4 7 x l 0 “ 2
0 . 2 1 1 3 . 3 OxlO” 2
0 . 2 8 1 6 . 4 OxlO” 3
0 . 3 5 1 1 . 5 1 x 1 o” 3
0 . 4 2 2 4 . 4 3 x 1 O” 4
0 . 4 9 2 1 . 1 5 x 1 o " 4
0 . 0 8 1 . 9 0 x 1 0_1
0 . 1 6 2 5 . 8 6 x l o “ 2
0 . 2 4 2 1 . 0 7 x 1 o” 2
0 . 3 2 4 2 . 2 4 x 1 0” 3
0 .4 0 4 2 . 9 3 x 1 O"4
0 . 4  85 1 . 0 8 x 1 o” 4
0 . 5 6 5 3 . 6 2 x 1 o” 5
4 9 a
4 9b
1 . 5 x 1 0
2 . 9 x 1 0
0 .  053
0 . 0 6 1
T a b l e  A 4 .5 0  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED
WHEN AS46/PBR3 22 GROWN AT 26 C WAS IRRADIATED AT 
2 5 4  nm. THE SURVIVAL PARAMETERS ARE INCLUDED IN 
TABLE 4 . 3
EXPT INITIAL VIABLE 254  nm FL UENCE FL UENCE SURVIVING
No. COUNT (m l" 1 ) RATE (Wm"2 ) (Jm“ 2 ) FRACTION
0 . 0 6 9 3 . 7 0 x 1 0_1
0 . 1 3  8 1 . 0 4 x 1 o" 1
0 . 2 0 7 2 . 3 OxlO” 2
0 . 2 7 6 6 . 6 5 x 1 O” 3
0 . 3 4 5 1 . 6 9 x 1 o" 3
0 . 4 1 4 3 . 7 0 x l 0 " 4
0 . 4  84 1 . 0 9 x 1 O’ 4
0 . 0 6  9 2 . 0 8 x 1 0_1
0 . 1 3 8 1 . 2 7 x 1 0_ 1
0 . 2 0 7 3 . 5 4 x 1 O” 2
0 . 2 7 7 9 .1 2 x l O ~ 3
0 . 3 4 7 2 . 3 6 x 1 O- 3
0 .4 1 7 5 . 6 2 x 1 O"4
0 . 4  87 1 . 2 7 x l 0 “ 4
5 0 a
5 0 b
1 . 7 1 x 1 0 0 . 0 5 2
1 . 3 7 x 1 0 0 .  052
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T a b l e  A 4 .5 1  DATA PERTAINING TO THE SURVIVOR QJRVES OBTAINED 
WHEN AS46/PASQ1 GROWN AT 3 7 °C  WAS IRRADIATED AT 
254  nm. THE SURVIVAL PARAMETERS ARE INCLUDED IN 
TABLE 4 . 3
EXPT INITIAL VIABLE 254  nm EL UENCE EL UENCE SURVIVING
No. COUNT (ml""1 ) RATE (Wm” 2 ) (Jm” 2 ) FRACTION
7 - 15 1 a 2 . 2 x 1 0 0 . 0 6 1 0 . 0 8 4 3 . 4 x 1 0
- 20 . 1 6 9 3 . 7 0 x 1 0
- 20 . 2 5 4 1 . 2 1 x 1 0
- 3
0 . 3 3 7 2 . 0 5 x 1 0
- 4
0 . 4 2 0 5 . 9 1 x 1 0
- 4
0 . 5 0 4 1 . 0 9 x 1 0
- 40 . 5 8 8 2 . 2 7 x 1 0
5 1b 5 . 1 x 1 0 0 . 0 6 1 0 . 0 8 2 3 . 0 4 x 1 0
- 2
0 . 1 6 4 6 . 4 7 x 1 0
- 3
0 . 2 4 6 9 . 4 0 x 1 0
- 3
0 . 3 2 8 1 . 4 7 x 1 0
- 4
0 . 4 0 7 3 . 0 4 x 1 0
- 50 . 4  87 9 . 5 1 x 1 0
- 5
0 . 5 6  8 2 . 4  5 x 1 0
T a b l e  A 4 .5 2  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED
WHEN A S46/pA S01 GROWN AT 26 C WAS IRRADIATED AT 
254  nm. THE SURVIVAL PARAMETERS ARE INCLUDED IN 
TABLE 4 . 3
EXPT INITIAL VIABLE 254 nm FLUENCE FLUENCE SURVIVING 
No. COUNT (m l" 1 ) RATE (Wm"2 ) (Jm"2 ) FRACTION
5 2 a
52b
8 . 2 x 1 0 0 . 0 5 9
7 . 1 x 1 0 0 .  059
0 . 0 8 1 .  5 9 x l o ” 2
0 . 1 5 9 5 . 6 7 x 1 O"2
0 . 2 3 7 1 . 1 4 x l o “ 2
0 . 3 1 5 2 . 3  2 x 1 0 " 3
0 . 3  94 5 . 2 4 x 1 O"4
0 . 4 7 2 1 . 3 3 x 1 o " 4
0 . 5 5 1 2 . 8 0 x 1 O"5
0 . 0 8 3 . 6 2 x 1 O"1
0 . 1 5 9 7 . 2 3 x 1 O’ 2
0 . 2 3 8 2 . 0 4 x 1 o " 2
0 . 3 1 7 4 . 1 8 x l o " 3
0 . 3 9 6 1 . 3 7 x l o ” 3
0 . 4 7 6 1 . 6 7 x l 0 " 4
0 . 5 5 5 5 . 6 7 x l 0 " 5
T a b le  A 4 .5 3  DATA PERTAINING TO THE SURVIVOR CURVES OBTAINED
WHEN DY326/PBR3 22 GROWN AT 3 7 °C  WAS INACTIVATED 
AT 254  nm. THE SURVIVAL PARAMETERS ARE INCLUDED 
IN TABLE 4 . 3
EXPT
No. COUNT (m l” 1 )
- 2
Tj UENCE SURVIVING
Jra 2 ) FRACTION
0 . 0 7 3 . 2 l x l O ” 1
1 . 4 1 8 . 1 4 x 1 O- 2
0 . 2 1 2 2 . 0 0 x 1 0_2
0 . 2 8 3 6 . 2 5 x 1 O” 3
0 . 3 5 3 1 . 5 0 x 1 o” 3
0 . 4 2 4 4 . 5 0 x 1 O- 4
0 . 4  95 1 . 1 0 x 1 O’ 4
0 . 0 7  2 3 . 1 0 x 1  o"^ 1
0 . 1 4 2 9 . 2 0 x 1 O” 2
0 . 2 1 4 2 . 1 9 x 1 O’ 2
0 . 2 8 5 6 . 7 6 x l 0 “ 3
0 . 3 5 6 2 . 1 0 x 1 O” 3
0 . 4 2 8  - 4 . 3 2 x 1 O” 4
0 . 4 9 9 1 . 3 l x l O ’ 4
5 3 a
53b
1 . 4 x 1 0
1 . 4 x 1 0
0 . 0 5 3
0 .0 5 3
T a b le  A 4 .5 4  DATA PERTAINING TO THE SURVIVOR CURVES CB TAIN ED
WHEN DY326/PASQ1 GROWN AT 3 7 ^ 0  WAS IRRADIATED AT 
2 5 4  nm. THE SURVIVAL PARAMETERS ARE INCLUDED IN 
TABLE 4 , 3
EXPT INITIAL VIABLE 25 4  nm FL UENCE FL UENCE SURVIVING
No. COUNT (m l” 1 ) RATE (Win” 2 )
5 4 a  6 . 7 x l 0 6 0 .0 5 3
54b 5 . 7 x l 0 6 0 .0 5 3
( J n f 2 ) FRACTION
0 . 0 7  2 3 . 2  8 x lO _ 1
0 .1 4 3 9 . 9 O x l0 ~ 2
0 . 2 1 5 2 . 5 0 x 1 O” 2
0 . 2  86 5 . 7  5x1  O’ 3
0 . 3 5 8 1 . 6 6 x l 0 ” 3
0 . 4 2 8 5 . 0 7 x l 0 “ 4
0 . 4 9 9 1 . 2 8 x 1 0 ~ 4
0 . 0 7 2 2 . 7 4 x 1 o” 1
0 . 1 4 4 8 .6 7 x l O - 2
0 .2 1 4 2 . 3 2 x 1 0 “ 2
0 . 2 8 5 6 . 0 2 x 1 0 ~ 3
0 . 3 5 6 1 . 7 0 x l 0 ~ 3
0 . 4 2 7 4 . 1 6 x 1 0 - 4
0 . 4  97 9 . 9 9 x 1 0 ~ 5
T a b l e  A 4 .5 5  DATA PERTAINING TO THE PH OTORE ACT IV AT ION OF 254
nm UV-INACTIVATED A S 46/pB R 322  GROWN AT 3 7 UC
PR TIME E x p e r im e n t  5 5 a  E x p e r im e n t  55b
(M in ) S/ S o ( 1 - P ) h t
S/ S o  ( 1 - P )
h t
0 2 . 6 x l O ~ 5 _ _ 8 . 0 4 x 1 O” 5 _
3 0 2 . 4 1 x l 0 “ 5 - - 7 . 3 x l 0 ’ 5 -
6 0 2 . 6 5 x 1 0 ~ 5 0 . 9 9 - 6 . 8 1 x 1 O"5 -
9 0 2 . 7 0 x l 0 ~ 5 0 . 9 8 - 8 . 0 2 x 1 0_ 5 -
1 2 0 2 . 5 0 x 1  O*"5 - - 8 .4  8 x 1 0” 5 -
1 5 0 2 . 5 0 x 1  o”"5 - - - -
1 8 0 3 . 0 x l 0 “ 5 0 . 9 6 - 7 .3 3 x 1 0 ” 5 -
T a b l e  A 4 .5 6  DATA PERTAINING TO THE PH OTORE ACT IV AT ION OF 254  
nm UV-INACTIVATED AS46/pBR3 22 GROWN AT 26 C.
THE RATE PARAMETERS ARE INCLUDED IN TABLES 4 . 4 5
PR TIME E x p e r im e n t  5 6 a  E x p e r im e n t  56b
(M in ) S/ S o ( 1 - P ) h t
S/ S o ( 1 - P ) h t
0 1 . 0 9 x 1  o""4 — 1 . 2 7 x 1 0 ~ 4 _
3 0 0 . 6  9x1 o""4 0 . 9 4 0 . 9 8 2 . 8 5 x lO _4 0 . 8 9 0 . 7 4
6 0 2 . 8 6 x 1 O- 4 0 . 8 6 7 0 . 4 5 3 . 3 9 x 1 O"4 0 . 8 6 0 . 5 7
8 0 3 . 4 OxlO"4 0 . 4  81 0 . 2  8 4 . 5 2 x l o ” 4 0 . 8 2 0 . 2 8
1 2 0 4 . 1 7 x 1 O- 4 0 . 8 1 5 0 . 0 3 5 . 3 3 x 1 O"4 0 . 8 0 0 . 1 2
1 5 0 4 . 4  9 x l o ” 4 0 . 8 0 5 - 5 . 7 OxlO"4 0 . 7 6 0 . 0 5
1 8 0 4 . 4 9 x 1 O” 4 0 . 8 0 5 6 .O x i o ” 4 —
T a b l e  A 4 .5 7  DATA PERTAINING TO THE PH OTORE ACT IV AT ION OF
AS46/PA5Q1 GROWN AT 31^ C . THE RATE PARAMETERS 
ARE INCLUDED IN TABLES 4 . 4 - 5 .
PR TIME E x p e r im e n t  5 7 a E x p e r im e n t  57b
(M in ) S / S o ( 1 - P ) h t S / S o ( 1 - P ) h t
0 2 . 4 5 x l O ~ 5 2 .2 7 x 1  O*”5 —
3 0 2 . 7 0 x 1  o” 5 0 . 9 9 1 . 4 1 3 . 9 7 x 1 0 " 5 0 .9 3 1 . 2 0
6 0 3 . 1 4 x 1 0 ” 5 0 . 9 7 1 2 . 5 5 . 5 3 x l O ~ 5 0 . 8 9 0 . 8 7
9 0 4 . 2 2 x l 0 ” 5 0 . 9 3 0 . 9 6 6 . 2 8 x 1 o " 5 0 . 8 8 0 . 6 3
1 2 0 7 . 6  5 x lO ~ 5 0 .  86 0 . 3 6 8 . 3 8 x 1 0- 5 0 .8 4 0 . 4 5
1 5 0 8 . 3 3 x l 0 ’ 5 0 . 8 5 0 . 2  8 9 . 5 l x l o ” 5 0 .8 3 0 . 3 3
1 8 0 1 • 1 0 x 1 O- 4 0 . 8 2 , n 1 . 3 2 x 1 O- 4 0 . 7  9
T a b l e  A 4 .5 8  DATA PERTAINING TO THE PHOTOREACTIVATION OF
A S46/PA S01 GROWN AT 26^C. THE RATE PARAMETERS 
ARE INCLUDED IN TABLES 4 . 4 - 5 .
PR TIME E x p e r im e n t  5 8 a  E x p e r im e n t  5 8b
(M in ) S/ S o ( 1 - P ) h t S/ S o ( 1 - P ) h t
0 2 . 8 x 1 o” 5 5 . 6 7 x l O ~ 5 _ _
3 0 6 . 5  8 x l 0 ” 5 0 . 9 0 2 . 0 3 1 . 4 1 x l 0 ” 4 0 . 8 8 1 .0 9
6 0 1 . 4 4 x l 0 ” 4 0 . 8 0 1 . 2 4 2 . 5 5 x 1 o’ 4 0 . 8 0 0 . 5 0
9 0 2 . 8  5x1  O'"4 0 . 7 2 0 . 5 6 3 . 0 8 x 1 O” 4 0 . 7 8 0 . 3 1
1 2 0 3 . 3 6 x l O - 4 0 . 7 0 0 . 4 0 3 . 6 O x lo ” 4 0 . 7 6 0 . 1 5
1 5 0 4 . 8 2 x 1 O” 4 0 . 6 6 0 . 0 4 4 . 0 x 1 0  4 0 . 7 5 0 . 0 5
1 8 0 5 . 0 0 x 1 O” 4 0 . 6 4 4 . 2 x l 0 ” 4 0 . 7 4
T a b l e  A 4 .5 9  DATA PERTAIN ING TO THE PH OTORE ACT IV AT ION OF
DY326/PBR3 22  GROWN AT 37~^C. TBE RATE PARAMETERS 
ARE INCLUDED IN TABLES 4 . 4 - 5 .
PR TIME E x p e r im e n t  5 9 a  E x p e r im e n t  59b
(M in) S/ S o ( 1 - P ) h t
S/ S o ( 1 - P ) h t
0 l . l O x l O - 4 1 . 3 l x l  0 ~ 4 _ _
3 0 2 . 4 6 x 1 0 ~ 4 0 . 8 9 0 . 6 5 2 . 5 1 x l 0 ’ 4 0 . 9 1 0 . 6 5
6 0 3 . 5 0 x 1 O” 4 0 . 8 4 0 . 2 9 3 . 4  5 x 1 0 ~ 4 0 . 8 6 0 . 3 3
9 0 3 . 9 6 x l 0 ” 4 0 . 8 2 0 . 1 7 3 . 9 0 x 1 O"4 0 . 8 4 0 . 2 1
1 2 0 4 . 2 0 x 1 O"4 0 . 8 1 0 . 1 1 4 . 3 6 x l 0 " 4 0 . 8 3 0 . 0 9
1 5 0 4 . 4 x l 0 " 4 0 . 8 0 0 . 0 6 3 . 4 1 x l 0 " 4 - -
1 8 0 4 . 7 x l 0 ” 4 0 . 7 9 - 3 . 1 7 x 1 0 " 4 - -
T a b l e  A 4.6Q  DATA PERTAINING TO TBE PH OTORE ACT IV AT ION OF
DY3 26 /p A S 01 GROWN AT 37^C. THE RATE PARAMETERS 
ARE INCLUDED IN TABLES 4 . 4 - 5 .
PR TIME E x p e r im e n t  6 0 a  E x p e r im e n t  60b
(M in) S/ S o ( 1 - P h t S/ S o ( 1 - P ) h t
0 1 . 2 8 x 1 0 “ 4 _ 9 . 9 l x l O ’ 5 _
3 0 l . S l x l o ” 4 0 . 9 8 1 . 0 9 2 . 5 5 x 1 o ” 4 0 .  8 7 0 . 6 3
6 0 2 . 1 3 x 1 O ” 4 0 . 8 8 0 . 4 6 4 . 2 6 x 1 0 - 4 0 . 8 0 0 . 1 1
1 2 0 3 . 1 4 x 1 0 _ 4 0 . 8 7 0 . 3 3 4 . 1 4 x l O ~ 4 0 . 8 0 0 . 1 4
1 5 0 3 . 8 2 x 1  o""4 0 . 8 4 0 . 1 7 4 . 7 7 x 1 o ” 4 0 . 7  8 -
1 8 0 4 . 5 3 x l O ~ 4 0 . 8 2 4 . 6 6 x 1 O ” 4 0 . 7 8
T a b l e  A 4 .6 1  DATA PERTAINING TO UV INACTIVATION AND FLASH
PH OTRE ACT IV AT ION SURVIVAL CURVES FOR AS44/pBR3 22  
SHOWN IN FIG . 4 . 8  (PARAMETERS IN TABLE 4 . 6 )
EXPT INITIAL VIABLE ELUENCE SURVIVING FRACTION
N o. COUNT (m l_ 1 ) ( Jm” 2 ) 254 nm FLASH
6 0 a  1 . 5 8 x l 0 7
- 2
FLUENCE RATE ~ 0 . 0 5 3  Wm
6 0 b  1 . 2 3 x l 0 7
- 2FLUENCE RATE ~ 0 . 0 5 6  Wm
6 0 c  3 . 6 7 x l 0 6
- 2
FLUENCE RATE ~ 0 . 0 4 3  Wm
0 . 0 6  9 3 . 5 6 x 1 0” 1 -
0 . 1 3 9 9 . 4 9 x 1 O” 2 2 . 1 0 x 1 O” 1
0 . 2 1 0 1 . 6 5 x l 0 " 2 8 . 5 2 x 1 O” 2
0 . 2 7  8 5 . 3 6 x 1 O’ 3 2 . 3 3 x 1 o” 2
0 .3 4 7 1 . 4  9 x l 0 ” 3 6 . 1 9 x 1 O- 3
0 .4 1 7 3 . 2 7 x l 0 “ 4 2 . 3 5 x 1 O- 3
0 . 4  86 9 . 4 9 x l 0 “ 5 7 . 2 1 x l O - 4
0 . 0 6  9 3 .6 6 X 1 0 ” 1 5 . 0 8 x 1 O” 1
0 . 1 3  8 9 . 4 7 x l 0 ” 2 2 . 3 6 x 1  O*"1
0 . 2 0 8 2 . 8 5 x 1 0 ” 2 6 . 8 3 x 1 0_ 2
0 .2 9 3 5 . 6 9 x l 0 ” 3 2 . 4  4 x 1  o""2
0 .3 4 7 1 .3 3 x 1  O*”3 6 . 8 7 x 1 O” 3
0 . 4 1 5 3 . 0 9 x 1 0 ~ 4 1 . 9 4 x 1 0 ~ 3
0 . 4  85 9 . 0 7 x 1 O’ 5 5 . 3 7 x 1 o” 4
0 . 0 6 2 3 . 2 7 x 1 0_1 4 . 1 8 x l O _1
0 .1 2 6 1 . 1 5 x 1  O*"1 2 . 3 6 x 1 O” 1
0 . 1 8 9 4 . 2 4 x 1 0 ~ 2 1 . 2 7 x lO _1
0 . 2 5 1 1 . 3  8x1 O*"2 5 . 2 2 x 1 O"2
0 . 3 1 5 4 . 3 l x l 0 ~ 3 1 . 7 9 x 1 0“ 2
0 . 3 7 8 1 . 0 5 x 1 0_3 6 . 1 8 x 1 0 ~ 3
0 . 4 4 2 2 . 6 5 x 1 0 ” 4 1 . 8 0 x l 0 ” 3
T a b le  A 4 .6  2 DATA PERTAINING TO UV IN ACT IV AT ION AND FLASH
PHOTREACTIVATION SURVIVAL CURVES FOR AS44/PASQ1  
SHOWN IN FIG. 4 . 9  (PARAMETERS IN TABLE 4 . 6 )
EXPT INITIAL VIABLE FLUENCE SURVIVING FRACTION
No. COUNT (m l” 1 ) (Jin” 2 ) 254 nm FLASH
6 1 a 8 . 9 x 1 O6 0 . 0 7 0 4 . 6 l x l O " 1 7 .5 3 X 1 0 " 1
0 . 1 3 9 1 .1 2 X 1 0 " 1 2 . 9 2 x 1 0 " 1
FLUENCE RATE ~ 0 . 0 5 3  Wm"2 0 . 2 0 8 2 . 9 7 x 1 o " 2 1 .1 9 X 1 0 ’ 1
0 . 2 7  8 5 . 8 4 x 1 O” 3 4 . 4 9 x 1 O” 2
0 . 3 4 8 1 . 7 3 x l o ” 3 1 .6 2 x 1 0 2
0 . 4 1 8 3 . 5 4 x l 0 ” 4 4 . 7 2 x 1 O"3
0 . 4 8 8 1 . 0 7 x l 0 " 4 1 . 4 6 x l o " 3
6 1 b 1 . 9 7 x l O ? 0 . 0 7  5 3 . 3 5 7 x 1 o” 1 6 . 6  5 x 1 o " 1
0 . 1 5 0 9 . 7 0 x l o “ 2 3 . 0 7 x 1 O"1
0 . 2 2 5 2 . 2 6 x 1 O"2 7 . 3 6 x l 0 “ 2
FLUENCE RATE “ 0 . 0 5 3  Wm"2 0 . 3 0 0 5 . 4 8 x 1 0” 3 3 . 1 5 x 1 O"2
0 . 3 7 4 1 . 2 0 x 1 o ” 3 9 . 3 l x l O ” 3
0 . 4 5 0 2 . 6 6 x 1 O"4 2 . 9 9 x 1 O” 3
0 . 5 2 5 ’ 5 . 3 6 x 1 O"5 6 . 8 5 x 1 O"4
T a b l e  A 4 .6  3 a  DATA PERTAINING TO PHOTOREACTIVATION OF
A S44/P B R 322  ( F i g s .  4 . 1 0 1 2 ,  T a b l e s  4 . 7 - 8 )
FR TIME SURVIVING ( 1 - P ) h t 2 2
, , - oW
(M in) FRACT ION
0 2 . 6 5 x 1 0 ~ 4 _ _ _
F 3 . 9 4 x l O ~ 3 0 . 7 2 / 1 . 0 - - -
1 8 . 2  4 x 1 0 ” 3 0 . 6  9 3 . 4 6 1 . 4 1 2 . 0 5
2 1 . 1 7 x l 0 " 2 0 . 6 1 3 . 1 1 1 . 3 5 1 . 7 6
3 2 . 1 4 x 1 0 " 2 0 . 4  9 2 . 5 1 1 . 2 8 1 . 2 3
4 3 . 0 2 x l 0 ~ 2 0 . 4 2 2 . 1 6 1 . 2 2 0 . 9 4
5 4 . 4 1 x l O ~ 2 0 . 3 4 1 . 7 9 1 . 1 7 0 . 6  2
6 4 . 7 9 x 1 O” 2 0 . 3  2 1 . 7 0 1 . 1 4 0 . 5 6
8 7 . 1 3 x l 0 " 2 0 . 2 4 1 . 3 1 1 . 0 1 0 . 3 0
1 0 8 . 4  5 x 1 0 ” 2 0 . 2 0 1 . 1 3 0 . 9 2 0 . 2 1
15 1 . 2 1 x 1 0 ~ 2 0 . 1 3 0 . 7 8
2 0 1 . 5 1 x l 0 ” 2 - 0 . 5 6
3 0 1 . 8 8 x l O - 2 - 0 . 3 4
4 0 2 .OOxlo"*2 - 0 .2 7
5 0 2 . 2  8 x lO ~ 2 - 0 . 1 4
6 0 2 . 6 3 x 1 0 ~ 2
T a b l e  A 4 .6 3 b  DATA PERTAINING TO PHOTOREACTIVATION OF
A S 44/pB R 322  ( T a b l e s  4 . 7 - 8 )
*R TIMEI SURVIVING ( 1 - P ) ht
- a t  
2 6  2 ht - h2 '
M in) FRACTION
0 4 . 0 9 x l 0 ” 5
F 1 . 2 5 x 1 0 ~ 4 0 . 8 6 / 1 1 . 0
1 7 . 2 2 x 1 O"4 0 . 7 5 5 .1 7 1 . 6 8 3 . 4 9
2 1 . 6 6 x 1  o""3 0 . 6 3 4 . 3 4 1 . 5 9 2 . 7 5
3 3 . 2 3 x 1 O” 3 0 . 5 3 3 . 6 7 1 . 5 1 2 . 1 6
4 4 . 8 9 x 1 O- 3 0 .4 7 3 . 2 6 1 . 4 4 1 . 8 2
5 8 . 17 x 1  o"*3 0 . 4 0 2 . 7 4 1 . 3 6 1 . 3 8
6 1 . 1 0 x 1 0 _2 0 . 3  5 2 . 4 4 1 . 2 9 1 . 1 5
8 1 . 5 5 x 1 0 _2 0 . 3 1 2 . 1 0 1 . 1 7 0 . 9 3
1 0 2 . 5 2 x 1 O” 2 0 . 2 4 1 . 6 2 1 . 0 5 0 . 5 7
15 4 . 6 0 x l 0 ” 2 0 . 1 5 1 . 0 1
2 0 6 . 5 0 x 1 O’ 2 - 0 . 6 7
3 0 8 . 9 0 x l 0 “ 2 - 0 . 3 6
4 0 1 . 0 4 x l 0 _ 1 - 0 . 2 0
5 0 1 . 2 0 x 1  o'*1 - 0 .1 4 4
6 0 1 . 2 7 x 1  o"*1 —
T a b l e  A 4 .6 4 a  DATA PERTAINING TO PH OTORE ACT IV AT ION OF





( 1 - P ) h t
- a t  
2 e  2 V h2
0 3 . 4 0 x l 0 ~ 4 _ _ _ _
F 4 . 7  2 x 1 0 ” 3 0 . 6 9 / 1 . 0 - - -
1 1 .  0 5 x 1 0~  2 0 . 6  5 2 . 8 3 1 . 4 0 1 . 4 3
2 2 . 9 8 x 1 O"2 0 . 4 1 1 . 7 9 1 . 2 2 0 . 5 7
3 4 . 8 7 x 1 O” 2 0 . 3 0 1 . 3 0 1 . 0 6 0 . 2 4
4 6 . 7 6 x 1 O’ 2 0 . 2 2 0 .9 7 0 . 9 3 0 . 0 4
5 7 . 7  6x1  O'*2 0 . 1 9 0 . 8 3 0 . 8 1 0 . 0 2
6 8 . 4 3 x 1  o""2 0 . 1 7 0 . 7 5 - -
8 8 .8 2 x l O - 2 0 . 1 6 0 . 4  8 - -
1 0 9 . 9 0 x 1 O” 2 0 . 1 4 0 . 3 9 - -
15 1 .4 0 x 1  o”*1 0 . 0 8 0 . 2 4 - -
2 0 1 . 5 0 x 1 0 - 0 . 1 1 - -
3 0 1 . 7 3 x 1  O*"1 - 0 . 0 3 - -
4 0 1 . 7  8 x 1 0 - - - -
5 0 1 . 6 8 x 1 O’ 1 - - - -
6 0 1 . 4 7 X 1 0 ” 1 _ _ _ _
T a b l e  A 4 .6 4 b  DATA PERTAINING TO PHOTOREACTIVATION OF
A S 44/P A S 01  ( T a b l e s  4 . 7 - 8 )
R TIME SURVIVING 
M in) FRACTION
( 1 - P ) h t
- a  t  
h 2 e  2 W '
0 2 . 7 x l 0 ” 4 _ _ _ _
F 4 . 1 0 x 1 O” 3 0 . 5 7 / 1 . 0 - -
1 9 . 8 8 x 1 O- 3 0 . 7 6 2 . 7 2 1 . 0 7 1 . 6 5
2 3 . 3  8 x lO - 2 0 . 4 1 1 . 4 9 0 . 9 6 0 . 5 3
3 5 . 3 6 x l 0 " 2 0 . 2 9 1 . 0 3 0 . 8 6 0 . 1 7
4 6 . 6 OxlO- 2 0 . 2 3 0 . 8 2 0 . 7 7 0 . 0 5
5 7 . 4 3 x l O - 2 0 . 2 0 0 . 7 0 0 . 6  9 0 . 0 1
6 8 . 1 2 x 1 0 ~ 2 0 . 1 9 0 . 6 1 - -
8 9 . 2 0 x 1 0 ~ 2 0 . 1 7 0 . 4  9 - -
1 0 l . Q l x l o ” 2 0 . 1 4 0 . 3 9 - .. -
15 1 .  20x10*" 0 . 1 1 0 . 2 2 - -
2 0 1 . 3  2 x 1 0 0 . 0 6 0 . 1 3 - -
3 0 1 . 4 4 x 1 0 0 . 0 3 0 . 0 4 - -
4 0 1 . 4  8 x 1 0 - 0 . 0 1 - -
5 0 1 .5 1 X 1 0 ” 1 - - - -
6 0 1 . 5 0 x 1 o ” 1 _ _ _ _
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ANALYSIS OF COVARIANCE AND USE OF DUMMY ( 1 ,0 )  VARIABLES
A l l  d a t a  w e r e  a n a l y s e d  by l e a s t  s q u a r e s  l i n e a r  r e g r e s s i o n  
a n a l y s i s ,  and f i t t e d  t o  t h e  f o r m : -
y '  = a + b x  . . . .  1
w h e r e  y '  i s  a p r e d i c t i o n  o f  t h e  o b s e r v e d  v a l u e  y  f o r  t h e  
c o r r e s p o n d i n g  v a l u e  o f  x ,  a  i s  t h e  i n t e r c e p t  and  b i s  t h e  s l o p e ,
b = Ix y  ~ ( Z x ) ( S y ) / n
2 2 
i x  -  ( I x )  / n
a = y  -  b x
The v a r i a n c e  o f  y  i s  g i v e n  b y : -
Sy2 = E( r  -  Y ) 2 
n -  1
and — 2
s ^2 E(x -  x )  . . . .  5
n -  1
The s a m p le  c o r r e l a t i o n  c o e f f i c i e n t  r i s  g i v e n  b y : -




and t h e  s a m p le  c o v a r i a n c e  Sxy  i s  g i v e n  b y : -
Sxy = ------ -------- V ( x  -  x )  ( y  -  y )
(n  -  1 )  "
T he t o t a l  d e v i a t i o n ,  t h a t  i s ,  ( y - y ) ,  i s  t h e  sum o f  t h e  e x p l a i n e d  
d e v i a t i o n ,  ( y ' - y ) ,  w h e r e  y '  i s  t h e  p r e d i c t e d  v a l u e  o f  y  a t  a g i v e n  
x  k n o w in g  t h e  r e g r e s s i o n  o f  y  on  x ,  and t h e  u n e x p l a i n e d  d e v i a t i o n ,
( y - y’ ) : -
E (y  -  y )  = E ( y '  -  y )  + E ( y  -  y )
T o t a l  D ev .  E x p l a i n e d  U n e x p l a i n e d
S i n c e ,  ( y '  -  y )  = b x ,  t h e  t o t a l  v a r i a t i o n  i s  g i v e n  b y : -
" y) 2 = b2 S x 2 + y - y ’ )2
S i n c e  t h e  v a r i a n c e  i s  t h e  v a r i a t i o n  d i v i d e d  by t h e  number o f  
d e g r e e s  o f  f r e e d o m ,  and t h e  F - r a t i o  i s  t h e  v a r i a n c e  e x p l a i n e d  by 
t h e  r e g r e s s i o n  d i v i d e d  by t h e  u n e x p l a i n e d  v a r i a n c e ,  F may be  
c a l c u l a t e d  f r a n : -
2 2 T =  b 2 I  X 2 g
£(y -  y ' ) 2 /  n-2
2
The c o e f f i c i e n t  o f  d e t e r m i n a t i o n  r , i s  g i v e n  b y : -
r 2 = v a r i a t i o n  o f  y
T o t a l  v a r i a t i o n  o f  y
z(y' -  y ) 2 
z(y -  Y)2
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U s in g  t h e  e x a m p le  o f  h a v i n g  t w o  s e t s  o f  d a t a  ( e . g .  tw o  
s u r v i v a l  c u r v e s  f o r  t h e  same o r g a n i s m ) ,  w h e r e  t h e  l o g a r i t h m  o f  t h e  
s u r v i v i n g  f r a c t i o n  i s  l i n e a r l y  r e l a t e d  t o  t h e  i n a c t i v a t i n g  f l u e n c e ,  
a t h i r d  'dummy' v a r i a b l e  ( 1  or  0 )  i s  a s s i g n e d  t o  t e s t  t h e  
h y p o t h e s i s  t h a t  o n e  s u r v i v o r  c u r v e  w a s  a f f e c t e d  by an a d d i t i o n a l  
f a c t o r ,  su c h  a s  t h e  day o f  t h e  e x p e r i m e n t ,  or  v a r i a t i o n  i n  c u l t u r e  
c o n d i t i o n s .
U s i n g  t h e  e x a m p le  s e t  o u t  b e l c w ,  tw o  e x p e r i m e n t s  a r e  g r o u p e d  
t o g e t h e r  t o  fo rm  on e  r e g r e s s i o n  m o d e l ,  b u t  i n  a d d i t i o n ,  s e p a r a t e  
l i n e s  a r e  c a l c u l a t e d  u s i n g  t h e  dummy v a r i a b l e s  x^ and x ^ .
To t e s t  t h e  i n t e r c e p t  l o c a t i o n : -
y  = a + b l X l  + b 2x 2
i f  x^ = I ,  t h e n  y '  = a + + b 2
i f  x  = 0 t h e n  y ’ = a + b_x_2 1 1
y
x
To t e s t  t h e  s l o p e  l o c a t i o n : -
y ’ = a + ^  + c x 3 ) x 1
i f  x  = 1 ,  t h e n  y '  = a + (b ^  + c ) x ^
i f  x 3 = 0 ,  t h e n  y '  = a +
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y
y ’ = a + (b  + c ) x
x
H a v in g  c a l c u l a t e d  t h e  'su m s  o f  s q u a r e s  and  p r o d u c t s '  (S S P )  
m a t r i x ,  i n c l u d i n g  t h e  'dummy' v a r i a b l e s ,  an F - v a l u e  w a s  
c a l c u l a t e d : -
( SSE -  SSE) / j  s
F =
( j , n - m - 1 )  SSE /  ( n - m - 1 )
w h e r e  SSEg i s  t h e  sum o f  t h e  s q u a r e s  o f  t h e  e r r o r s  o f  t h e  g r o u p e d  
d a t a  o n l y ,  and SSE i s  t h e  amount o f  u n e x p l a i n e d  v a r i a t i o n  w h en  a l l  
o f  t h e  v a r i a b l e s  i n  t h e  e q u a t i o n  a r e  i n c l u d e d .  J  i s  t h e  number o f  
'dummy' v a r i a b l e s ;  n ,  t h e  number o f  o b s e r v a t i o n s  and m, t h e  number 
s e t s  o f  d a t a .  A dummy v a r i a b l e  w a s  a s s i g n e d  t o  t h e  s l o p e  and  
i n t e r c e p t  f o r  e a c h  s e t  o f  d a t a ,  and t h e  tw o  p a r a m e t e r s  o f  e a c h  s e t  
w e r e  com pared  w i t h  t h e  r e g r e s s i o n  m o d e l .  The F - r a t i o  t e s t s  w h e t h e r  
Ho, t h e  j o i n t  e f f e c t  o f  t h e  dummy v a r a i b l e s  i s  n o t  s i g n i f i c a n t  
v e r s u s  H i ,  t h e  dummy v a r i a b l e s  a s  a  g r o u p  do c o n t r i b u t e  t o  t h e  
e x p l a n a t i o n  o f  t h e  v a r i a t i o n  i n  y .  T h e r e f o r e ,  i f  t h e  F - v a l u e  
e x c e e d s  t h e  c r i t i c a l  v a l u e  w i t h  j , n - m - 1  d e g r e e s  o f  f r e e d o m ,  t h e n  
t h e  i n d i v i d u a l  d a t a  i s  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h a t  c o n f i d e n c e  
i n t e r v a l .
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